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ABSTRACT 

A 6-month study of elementary and junior hi^h school 
bicycle riders and events accruing to everyday use of their vehicles 
was conducted in Raleigh, North Carolina, of the 2,369 mail 
questionnaires that recorded demographic and bicycle description data 
and information which permitted calculation of bicycle ownership 
rates by sex, 495 useable responses were obtained. Accident data were 
accumulated from hospital emergency rooms, police records, and a 
monthly report form that received 397 useable respons?»s. Mileage data 
was calculated through use of cyclcwiettrs on the subjects* bicycles. 
Younger riders tend to sustain the more serious accidents, while the 
older rider is more often involved in a police- reported situation. 
Riders with less than t*K) years experience tend to sustain more 
accidents. Only the time of the day (three to six P.M.) and the month 
of thejrear (May and June) were positively associated with bicycle 
accidents. Accident rate differences according to the type of 
bicycle, its age, condition, or passenger carrying status are 
statistically insignificant. The findings of this study substantiate 
other studies that cite rider disaccommodation to the bicycle as a 
factor in development of the accident situation. Bicycle riding 
instructions might be organized according to the experience and sex 
of the rider. (Author/AG) 
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ABSTRACT 



A study of youthful bicycle riders and events accruing to everyday use of their 
vehicles was conducted in a Southern U.S. city from May to October of 1 970. The subjects, 
ranging in age from 6-19 years, were chosen in a random manner from selected elementary 
and junior high schools included in the Raleigh, N^C, City School System. Initial contact 
with the subjects was accomplished by a questionndire that recorded demographic and 
bicycle description data and information which permitted calculation of bicycle ownership 
rates by sex. Of the 2,369 questionnaires sent to originally chosen subjects, 495 or 21% 
were completed and returned. Accident data weic accumulated through three levels of 
reporting: hospital emergency rooms, police records and a monthly report form that was 
sent to subjects who agreed to participate in the data collection phase of the study. 

An estimate of exposure was calculated through use of a cyclometer (mileage meter) 
attached to the front wheel of each subject's bicycle. Five hundred and twenty-three 
cyrlometers were applied to subject's bicycles, with 397 suDjects:jventually supplying mile- 
age data of acceptable quality. It was determined that the three types of bicycles identified 
in the study (highrisc, lightweight and standard) experienced accidents at rates which did 
not attain statistical significance. Observed rates for accident occurrence for males, as com- 
pared to females, and by age groups was also not statistically different. It was found that 
highrise bicycles outnumbered the other styles, with standard and lightweight types follow- 
ing in decreasing order of ownership. 

It was observed that younger riders will be likely to sustain the ,-iore serious accidents, 
while the older rider will niui^e often be involved in a police-reported situation. Accidents 
examined by riding experience of the subject involved suggest that the less-than-one-ycar to 
two-year-experience groups sustain accidents at greater than expected values by a statistic- 
ally significant m rgin. It was proposed that bicycle riding instructions might be organized 
by experience of the rider as well as by male/female specific instruction. 

Of the conditions associated with bicycle accidents, only time of the d^y (3-6 p.m.) 
and month of the year (May and June) appeared to have relevance for safety-oriented 
programs. Bicycle age, condition and passenger carrying status were not found to be signifi- 
cantly associated with accident occurrence. 

Other studies (Vilardo and Anderson 1969 and The Ontario Department of Transpor- 
tation 1970) cited rider disaccomodatfon to the bicycle a:, a factor in development of the 
accident situation. Findings of this study would tend to substantiate their observations. 



INTRODUCTION 



- An historical documentation of iuan's existence on earth would be notably 
mconipljtc without proper reference to transportation and the vehicles specifically d.-signod 
for the movement of passengers and goods- Progressing fronj foot travel through 
domesticated beasts, to jet and rocket craft, men have searched for ways to implement their 
!r.ob:!ity and reduce travel time between any two points in space. As vehicles have become 
more sophisticated, and energy sources more efficient, muscle power has steadily lost favor 
as the motive soukc of choice. 

Among the consistent adherents of niotion-tlirough-exertion were the more youthful 
segments of human populations who seized whatever devices were available to them. 
Generally, these devices were two-wheeled vehicles, populurly called bicycles or "bikes,'' 
•vhi.^h have become indispensibic companions to youngsters over manv decades of close 
association, . 

During the last decade the "bike" changed remarkably in configuration. At that point 
manufacturers began developing and marketing models that reflected the infiuence of 
individually customiz.ed bikes, which could be seen in inwrauguuimbers in Southern 
California. These newer models, eventually termed the "Higlirise" (or spyder) style, 
apparently .satisfied the requirements of large numbers of potential custdmers, as they 
eventually accounted for over half of all yearly bicycle sales in this country. 

The distinctive proportions of the new style render it immediately recognizable even 
to the most casu.d ob.server. Predominant features include: exceptional loft and spread of 
the handlebars; an elongated seat, which is occasionally fitted with bars projecting vertically 
from the rear of the saddle; small wheels, usually not exceeding 24" in diameter and 
generally 20" with smaller sizes being ob.served occasionally; a standard frame (of 1 6" -24" 
size) giving the impression of massivencss and strength; and, finally, any number of 
accessories and gearing combinations, limited only by the imagination and resources of the 
owner. 

The resulting high visibility of the vehicle attracted attention to the design features 
and led some observers to theorize as to the inherent riding safety of the mechanism relative 
to the variant configurations. From there, it was but a short step to expansion of the 
question to include riding experience for all bicycle types. 

To attack the problem of relative safety, a population survey employing a random? 
method for selection of the subjects was developed. As primary interest lay within the 6-17 
year age groups, elementary and junior high school student bodies were designated as the 
target population. The process for the selection of the subject.* in the main study is 
discussed more fully in the Study Design and Objectives section. 

Selection of the general area to serve as the location of the study was given first 
consideration. After consultation with co-workers at the Highway Safety Research Center, it 
was decided that an urban area would offer more in the way of practical advantages than 
either suburban or rural locations. There would be a larger population in a more restricted 
geographical territory, and its composition would tend to be more varied in socio-economic 
characteristics. \s the United States had now become principally an urban country, results 
of the study would thereby be generally referable to a larger proportion of the total U. S. 
population. 



It was proposed that the city of Raleigh, North Carolina, might most effectively serve 
both the interests of the study and tactical execution of the general plan. Raleigh, with a 
population' of some 1 17,000 (1970 census), may be considered as broadly representative of 
a sector of the U. S. population. It is perhaps reasonable to assume that population centers 
of between 75,000 and 150,000 inhabitants share many important demographic 
characteristics. If this assumption is admissible, then a summation of the populations 
residing in cities falling within that range might be some indication of the representativeness 
of a city with approximately 100,000 population. 

Inspection of the 1970 Commercial Atlas and Mariceting Guide (Appendix 2, page 102) 
produced a list of some 145 cities with populations within the indicated limits. Summing 
the totals of the cities produces a combined population of 14,575,500 inhabitants residing 
within the 145 cities. Further application of simple arithmetic discloses that the mean 
population is calculated to be, 1 00,521. A standard deviation of 20,720 indicates the Raleigh 
population (^^7,000) is within one standard deviation of the mean (100,521) of this 
selected segment of the total U. S. population. It was decided, on the basis of the factors 
discussed, that the city of Raleigh would be an acceptable population base for a study of 
this nature. 

To test the instruments designed for data collection, a pilot study was initiated. For 
this evaluative phase, two schools in the Raleigh school system (Sherwood-Bates Elementary 
School and Josephus Daniels Junior High School) were contacted through the office of the 
Superintendent of Schools, and permission to enlist the student body was granted by the 
principals of the two institutions. For this test of th^ system, all of the students in the 
fourth and sixth grades of Sherwood-Bates and the seventh and ninth grades of Josephus 
Daniels were sent explanatory letters and questionnaires. It was requested that all of the 
questionnaires be ictumed whether or not participation in the study was elected. This 
provision permitted calculation of ownership rates from which projections into the Raleigh 
and total U. S. populations were made. The pilot study was not further processed, as 
attention shifted to implementation and organization of the Main Study data collection. 

In bicycle studies previously recorded in tlie literature, exposure data necessary for 
the estimation of accident rates were not available. The Raleigh, N. C, study, described 
herein, employed a mechanical counter known as a ''cyclometer,*' which records distance 
traveled (from 0.0 to 9,999.9 miles) when properly affixed to the front wheel ot ihe bicycle. 
There were 523 of the devices attached to subjects' vehicles with 397 eventually reporting 
exposure data that satisfied the reporting standards of the study from which accident rates 
were calculated. 

Bicycle accidents occurring in the Raleigh area were accumulated through three 
separate reporting media. A surveillance of the three hospitals in Raleigh provided 
emergency room data on medically treated- injuries. All such accidents were recorded and 
data were accumulated through a telephone interview, which was performed according to a 
standard format (Appendix 1, p. 76). Permission to examine police records was granted and 
data accruing to this source were similarly processed. The participating school-aged study 
subjects formed the third reporting medium. Their bicycling experiences were documented 
regularly on a monthly mileage report form (Appendix I, p. 87). This report form 
(self-addressed and stamped) was sent every month to each subject with spaces provided for 
information on mileage, broken cyclometers, and accidents. Accidents were then processed 
by the same procedure as described for Hospital and Police accidents. 



An investigation of this nature would appear to be most appropriate at this time, 
considering the increased interest in bicycling over the past few years. The U. S. Dept. of the* 
Interior (1967) projects a 32% growth in bicycling from 1965 through 1980 and concludes 
that this-activity has shown the greatest increase of all outdoor sports since 1965. 

In summation, the current investigation has attempted to identify certain 
characteristics of bicycle, usage as these relate to exposure and the occurrence of accidents. 
Successful implementation of the design allows estimation of accident rates by bicycle type, 
sex and age, corrected for exposure in terms of mileage. 



LITERATURE REVIEW 



In contradiction to the lengthy experience of the bicycle in the U. S. stands the 
paucity of technical and empirical data relating engineeriiig and design features to its use in 
the service of the bicycling public. The existing studies having relevance to the current 
investigation are recorded herein. 

A limited recent study of bicycle design and performance features by Rice (1971) 
suggested a difference between highrise and other bicycles in handling characteristics that, 
affected balance and maneuverability to a marked degree. The author found variations in 
dynamic balance that suggested the highrise is less stable in the lower speed ranges (under 10 
mph) than other bicycle types. His conclusions included suggestions that the highrise is 
better suited for enjoyment than transportation and that information on proper braking 
technique should be provided at the time the bicycle is purchased. 

One of the earliest attempts^to gather descriptive data was initiated by the National 
Safety Council (NSC). In 1958, each of the forty-eight states was polled in an attempt to 
gain information on bicycle fatalities which had occurred in 1957. Forty-two of the states 
responded by supplying information on 82 percent of the fatal accidents. NSC, after analyz- 
ing these data, derived the following conclusions: 

1. 84% of the fatalities were under 16 years of age; 

2. 86% of the fatalities were males: 

3. 70% of the fatalities occurred from April to Septcm^ 

4. 70% of the fatalities ensued during the daylight hours: 

5. Highest frequency of observed fatalities was" on Saturday, the lowest on Sunday; 

6. 80% of the fatalities took place when the bicyclist was "violating a rule of the 
road." 

These findings were generally supported by later investigations (Vilardo, Nicol and 
Heath, 1968; Kohlcr, 1962; and the Ontario Department of Transportation, 1970). The 
studies surveyed rider practices and revealed evidence of rider "violation of rules of the 
rOad." Violations involving bicycles must be considered in respect to the highly subjective 
manner in which judgment is reached. Unlike motor vehicle operation, there is no nationally 
recognized code that regulates the operation of a bicycle. 

The National Safety Council (Vilardo and Anderson, \^^^9) sampled six geographic 
areas of the country and found males over-represented in bicycle-motor vehicle accidents 
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with fewer but more severe accidents occurring after dark. They also advanced three other 
findings of note: accident frequency is not differentiated oy bicycle type, the '^acconimo- 
dation" of the child to the bike may be critical, and the 10-14 year* age group experienced 
the highest accident frequency. 

Waller and Reinfurt (1969). in an analysis of bicycle-motor vehicle accidents occurring 
in a three-year period in North Carolina, concluded that a typical accident happens in clear, 
dry weather, in daylight, and involves an auto driven by a male 25-45 years of age. The 
cyclist, a male (10-15 years of age), appears unexpectedly from a driveway, alley or inter- 
section. While it was found that younger riders experience higher accident frequency, fatali- 
ties are associated with the older rider. This last finding may be^xplained in part by the 
accident experience of the areas where most of tlie riding time is accumulated. Accidents 
incurred on the open highway experience a greater case-fatality ratio. ' ' 

Increasing interest in the relative safety of consumer items may be reflected in the 
emphasis of the most recent bicycle studies. Waller (1970) and the Ontario Department of 
Transportation (1970) each applied their scrutiny to differences in accident experience by 
bicycle type. Each study found no difference by bicycle type, but the Ontario report 
qualifies its findings by citing limitations of the study design. Differences in rates of acci- 
dent occurrence by bicycle type in the Raleigh, N. C, study, described herein, are developed 
through incidence values (i.e., estimated from known numbers of events ensuing within a 
known population over a given period of time). 

Six thousand five-to-twelve-year-old children were studied by Waller (1970) for pat- 
terns of ownership and bicycle riding experience. Additionally, 104 medically treated acci- 
dent victims were paired with matched controls selected from the neighborhood to compare 
bicycle style and riding background. His data contain similarities to findings obtained in the 
Ontario study. In his study population, 80 percent learned to ride by age 7; highrise bikes 
produced higher injury rates, which were not significantly different from other bicycles; 
children at the time apparently preferred highrise to all other styles; and parents generally 
exercised good judgment in initiating riding practices. He recommended improved handle 
bar mounting and a guard to prevent injury from intrusion of a body member into the wheel 
spokes. 

The Ontario Department of Transportation (1970) analyzed 275 police-reported bicy- 
cle collisions and compared the bicyclist to a control group of 1,082 male riders. This study, 
as well as The National Safety Council (1969) report, cited "disaccommodation" as a factor 
which may be considered to influence risk of accident inception. This factor seems to be 
well documented and should be given consideration by parents seeking to purchase a bicycle 
for their youngster, particulariy so if it is the first bicycle to serve as a "learning** vehicle for 
the neophyte rider. 



STUDY DESIGN AND OBJECTIVES 



The elements of the question posed to the researchers (viz.. accident rates and charac- 
teristics of use by population sub-grOups) operationally defined the procedures, elaborated 
upon in the research design. It is necessary to generate exposure data, in a comparatively 
reliable manner, on a selected sample of the target population. This is the essence of 
sampling-to extract a small group from a much larger group while attempting to retain the 
characteristics o^ the Inige group in similar proportions. 



Selection of the Sample 

To attack the problem, the range considered most vulnerable to accidents was selected 
(6-17 years-Accident Facts, 1970). As random selection was indicated, a method was 
devised to sample from grade school and junior high school students in a manner that would 
assure reasonable impartiality in the identification of the subjects. Sampling was to be 
conducted in the environment where the subjects could most easily be enumerated-the 
schools. A list of all Raleigh city school children (grades 2 through 9) was obtained from the 
Office of the. Superintendent. The list was organized by school, grade, homeroom and 
.homeroom teacher,^with each pupil to be accorded an identification number. Because there 
were fewer of them, all of the junior high schools wcreoised for sampling, while a systematic 
selection process was devised for the elementary schools. 

Twenty-eight elementary schools were grouped by total pupil enrollment for grades 
two through six. There were five large schools (enrollment range 526-602), eleven medium 
schools (enrollment range 336-486), and twelve small schools (enrollment range 108-294). 
Cc.iiph'cating the selection was the desire to reduce the number of participating schools to a 
minimum (to decrease the number of cyclometer installation sites) and yet to obtain a 
representative sample with adequate numbers and approximately equal probability of selec- 
tion for all pupils within the school system. It had been previously determined to invite 
2,000 to 2,600 pupils on the assumption that approximately 20-30 percent would return 
the questionnaires. Guided by this reasoning, the research team selected all of the larger 
schools along with six of the eleven medium and six of the twelve small schools. A random 
selection process identified the small and medium size schools. This resulted in the following 
list of schools selected to participate in the study (also see map Appendix 1; p. 78). 



Junior High Schools 



Elementary Schools (large) 



Ay cock 
Carnage 
Carroll 
Martin 



Lacy 
Washington 



Brooks 
Douglas 
Green 



Elementary Schools (medium) 



Elementary Schools (small) 



Conn • 
Mt. Vemon-Goodwin 



Thompson 

Phillips 
Underwood 
Olds 
Boylan Heights 
Wiley 



Hunter 
Root 
Bugg 
York 



r 



With the selection of the schools, a random process was used for the identification of 
individual students. Names of homeroom teachers were alphabetized and given numbers 
according to their alphabetical position within a particular grade. Within each grade and 
school half of the classes were chosen. If there were an odd number of classes in a particular 
grade, tl;c. numbers of classes to be chosen were raised to the next highest integer. To 
transfer as exactly as possible the proportions existing-^within the school population to our 
sample (i.e., equal probability of selection for each student),^about one-quarter of the 
students in each class in the large schools was to receive questionnaires while one-half of the 
students in each class in the medium and small schools was to be included on the mailing 
list. 

When the list of classes was compiled, the students were chosen in the following 
manner: The names of the students, last name first, were-ordered alphabetically within each 
class and given a corresponding number. The number of sludents in each class was recorded, 
and the students were individually collected by the following convention. If the number 
was: 

:^I6 , the students were arranged in eight groups of two each; 
4 > 1 6 to ^ 24, the students were arranged in eight groups of three each; 

> 24 to ^ 32, the students were arranged in eight groups of four each; 
>32 to ^ 40, the students were arranged in eight groups of five each. 

In each case, therefore, there were eight groups. 

When one-quarfer of the students in a grade was needed, two of the groups were used; 
for one-half of the students, four of the eight groups were selected. In the event that the 
number of students was not exactly 16, 24, 32^; or 40, some groups were partially or totally 
unpopulated. If these unpopulated groups were selected for a particular grade, an additional 
group or portion thereof >Vas appropriated to fill or replace them. In this case the propor- 
tion selected exceeded the indicated one-quarter or pne-half. For example, if there were 27 
students and we wanted at least one-quarter of them (i.e., a large school), then in fact eight 
were chosen. Let. us assume that groups one through eight were printed in the fallowing 
order: 8, 7, 6, 1, 2, 5, 4, 3. Since the eighth group of four has no people (numbers 29 
through 32) we go to the next number which is '7. Since the seventh group consists of 
numbers 25 through 28 and there are only 27 students, the seventh group consists of three 
people. The random number following number 7 is used only to complete that group of 
four (i.e., the first person in group 6 number 21 is picked). To get our second group of four 
we use tHe next random number which is 1. Hence, all of the first group (numbers one 
through four) were chosen. As a result, where the required proportion was one-quarter of 
the students in a class (i.e., the large schools) and the number of students in the class was: 

^16 , four students were chosen; 

> 1 6 to ^24, six students were chosen; 
>24 to ^ 32, eight students were chosen; 
>32 to ^ 40, ten students were chosen. 

Where a medium or small school was being processed, four groups were picked by the 
same procedure outlined above, yielding twice the number of students from each class. 
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As indicated earlier, all of the junior high schools were retained with one-quarter of 
the students selected. This proportion would produce a probability for selection approxi- 
mately equivalent for the entire school population. 

i 

Of thb 2,369 questionnaires (p. 12, and appendix 1, p. 81) sent to the original 
selected subjects, 495 questionnaires were eventually returned. The 495 questionnaires 
received thus produced three classes of respondents who returned the questionnaires- (1) 
original subjects, (2) siblings of original subjects, and (3) the "no bicycle" group Obviously 
combinations of the above groups (e.g.,. original subjects and siblings, original subjects and 
no bike, etc.) were possible and were indeed encountered.. For purposes of identification 
_ and processmg, the respondent.s were grouped in the manner illustrated in the flow chart 
titled 'Disposition of All Subjects" (Figures No. 1 and No. 2): The All Subjects group 
(subjects Identified with the study at any time whether or not they supplied data) is 
separated (reading from left or right) in Non-Participating, Hospital and Police, and Partici- 
pating Groups. There were three means by which an individual might become a participating 
subject. First, selection in the random sample (original subjects); second, siblings of original 
subjects (non-original subjects); and third, individuals who appeared at cyclometer mounting 
sites and completed the necessary forms (they were also non-orieinal subjects). The rationale 
that explains this method of selection presumes that the sampling process is essentially 
Identifying households of individuals all of whom are acceptable for the purposes of the 
study. Individuals who presented themselves at the cyclometer sites were most likely 
acquaintances of those originally selected and other interested individuals. While there is 
self-selection in this portion of the sample, there was no reason to assume that there would 
be disproportionate representation by bicycle type. 

Figure No. 1 illustrates the breakdown of the various groups by class of participation 
From left to right in the diagram the partitions include non-participants, hospital and police 
cases, and participants. Inspection of the group sizes reveals that over half (237 vs. 207) of 
the original subjects participated in the study. Of the non-original subjects, slightly less than 
half (286 vs. 292) eventually provided data during the study period, and some information 
was obtained for each of the 1 ,204 subjects. 

.Figure No. 2 identifies the composition of the 1,073 youtlis who are termed Main 
Study Subjects. These individuals are differentiated from the Hospital and Police Accidents 
who are essentially case history subjects, having entered the study by means of experiencing 
an accident. Reading down the diagram to the fourth row reveals that there were 286 
participating non-original and 237 participating original subjects. Of these 523 subjects who 
received cyclometers, 496 (94.8%) supplied data 'of some nature to the study, and 397 
provided-acceptable exposure (mileage) information. 

Study groups will be referred to by abbreviations according to their composition. The 
following list identifies all of the groups designated in this manner: 

Main Study Participants (MSP), N=523 

Original; subjects who were sent questionnaires and who elected to 
participate in study, N=237 

Non-Original; siblings of original subjects plus volunteers who re- 
quested entry into the study, N=286 
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Figure 2 



DISPOSITION OF MAIN STUDY SUBJECTS 



1073 ' 
Main Study 
Subjects 
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Main Study Participants Without Accidents (MSPWA) 

Original plus not^original who had no accidents, N=430 

Main Study Participants With Accidents (MSPAC) 

Original and non-original MSP who experienced accidents during the 
study, N=93 

Hospital Accident Cases (HAC) 

All accident cases recorded through emergency room treatment 
records, February through November, 1 970, N= 1 1 7 

Police Accident Cases (PAC) 

All accident cases investigated and recorded by Raleigh City Police 
Department during 1970, N=14 

Hospital and Police Accident Cases (HPAC) 
HAC + PAC = HPAC,N=131 

Main Study Accident Cases (MSAC) 

MSPAC + HAC + PAC = MSAC, N=224 

Main Study Non-Participants (MSN-P), N=550 

Original, sent questionnaires and declined to participate in study^ 
N=207 

Non-original, siblings who declined to participate plus volunteers 
who acquired cyclometers without subsequently providing data, 
N=292 

AH Subjects No Bicycle (ASNB); Original, N=17; Non-original, 
N=34 

All Subjects (AS), N= 1, 204 

MSP + HAC + PAC + MSN-P = AS 



The Questionnaire 

In constructing the questionnaire (Appendix 1, p. 81), emphasis was placed upon a 
requirement of a high degree ')f utility in each' query included. The instrument had to be 
productive yet uncomplex, comprehensive yet brief, and exhaustive yet intelligible. Organi- 
zation of the questionnaire was accomplished in two parts. Part I was biographical and 
bicycle ownership data, and Part II was principally oriented towards bicycle, description by 
type. It was noted with pleasure that misinterpretation of a question or^ the. directions 
appeared to be extremely rare finding and could notJ)e_considered-as a m^jgf^fy^iffcj^f data 
error. This was due, in part, to experience gained from a pilot study preViausly^^crformed 
on a small sub-group of the study population. /I ' ^ 
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The questionnaire was assembled to provide necessary data without being intrusive or 
objectionable to the respondent. It is conceded that other questions would have been 
pertinent to the study requirements. Many were formulated, considered and discarded to 
reduce the risk of alienating the respondent with excessive complexity and overiiiquisitive- 
ness. Perhaps a valid indicator of success is that 94.8% of the participants who elected to 
join the study reported acceptable data of some nature. 



Recording Exposure Data 

Exposure and accident data for main study participants were recorded monthly on the 
mileage report form. This self-addressed and stamped instrument (Appetidix I, page 87) was 
developed to attempt to provide maximum data without exceeding the capabilities'and 
resources of the youngest respondents. Even so, the mileage data from the youngsters 
required the most deliberate interpretation. Numerous erroneous configurations were en- 
countered. Occasionally a decimal would be misplaced, numbers would be inverted or 
recorded m the wrong sequence. Each entry was given individual consideration and ex- 
amined m light of previous mileage reports from the same subject. Other variations required 
more involved interpretation: occasionally it was necessary to call the subject on the tele- 
phone to request a re-reading either by himself or by his parent. By this process the attempt 
.was made to reduce mileage misst;itements to a minimum. Whenever an accident was noted, 
the subject was contacted by phone and systematically queried on certain aspects of the 
event. To reduce biased reporting a prepared format was employed in the interview 
(Appendix I , page 76). 

Inclusion of a stick figure for anatomical location of injury appeared to be an effective 
device, especially for more youthful popuIations(Appendix I, p. 87). Injuries were described 
by three modes of identification: first. Degree of Injury (medical identification); second. 
Type of Injury (extent of physical damage); and third. Area of Body Injured (anatomical 
location). Assessment of the injury in this systematic manner allowed for the estimation of 
injuries for Raleigh (results and discussion section, page 17: Appendix 2, page 101) and for 
the total United States bicycling population. The resulting values could then be compared, 
superficially, with nationally published figures of bicycle injuries, as compiled by the United 
States Public Health Service in recent years. Direct in-depth comparison of the two sets of 
data, however, is not advised, as two differing methods were employed for their respective 
estimations. 



The Cyclometer 

One entry included in the monthly report form was designed to do double duty. A 
question relating to the current mechanical status of the cyclometer provided a means for 
the replacement of inoperative mechanisms and served to measure the reliability (in this case 
the durability) of the instrument itself (See Figure No. 3). 

Participants with accidents experienced a higher rate of cycometer failure (37% vs. 
24%) than participants without accidents. The two distributions were tested by a X2 and 
found to be significant (X2=7.49, 2df, .02 < p <.05). Some of the failures in the accident 
group may be the result of accident-incurred damage, but this was not determined. Perhaps 
a more reliable estimate of the failure rate is the overall or combined rate of 26.6% or 
approximately one-quarter of all instruments applied to the subjects' vehicles. 
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Before the partieular cyclometer model was chosen for general distribution, it was 
tested on several bicycles owned by members of the Highway Safety Research Center Staff 
and by others willing to provide assistance. The precision of the instnmient was assessed 
over c measured one-half mile course. The course was located on a straight stretch of 
> secondary blacktop road and was measured with steel tape. Four instruments were obtained 
from a box containing several hundred and applied to two bicycles. 

The bicycle was ridden in constant motion to the half-mile mark. The front wheel was 
stopped on the mark, the rider picked the bicycle up vertically, turned it around and rode 
back. Tnis process was continued for several traverses whereupon the known distance was 
compared the the cyclometer reading. Accumulated mileages appearing on the dial were 
recorded. It was known that some backlasli (i.e., slack, play, looseness, or tolerance) existed 
in the gearset and would account for some small initial error. Over the accumulation of 
several miles this discrepancy was not observable. The instruments, therefore, were adjudged 
suitable for the anticipated task. 

When the instrument was reported by the subject to be inoperative, a replacement was 
mailed, no later than the following day, for the subject to install. The replacement unit, 
which included a full set of instructions, was complete and ready for installation. The 
cyclometer was also used as a medium for renewal of association with the subjects during a 
period halfway through the study when it was presumed interest might have lagged. It had 
been determined (over a course of several months) that the original plastic washer tended to 
allow some rotation of the cyclometer mounting bracket about the front axle. In order to 
prevent displacement and subsequent dysfunction of the cyclometers, a quantity of steel 
washers was obtained as replacements for the original plastic parts. A covering instruction 
letter (Appendix I, p. 91) was written and, with washers included, ucni to all of the study 
participants. It w<?s felt that this measure necessitated the inspection of the bicycle by the 
subject and/or his parent and provided an opportunity for any adjustment or repair which 
might thereby be discovered. 



Re port Forms 

Collected 'data were recorded on individual report forms covering every contingency 
of the study. The forms used, which consisted of the Subject Data Report, Medical Form 
and Accident Report Form (Appendix I, pages 93, 95, 97), contained all of the information 
collected on a given subject. From these (ovm% the data were transferred to IBM punirh 
cards. When, at the conclusion of the study, all of the data were Anally accumulated and 
verified, the IBM cards were transferred directly to magnetic tape, then scrutinized until 
their reliability was considered .satisfactory in preparation for computer processing. 



Data Analysis 

Data analysis followed the system whereby examination progressed from the general 
to the specific. Every comparison for which adequate data were available was made where 
interpretation bore prime relevance to the objectives of the study. Fundamentally, the 
method was a cross-comparison of the variables and, where feasible, means and standard 
deviations were calculated with ranges being occasionally included. Mileage data were * 
reduced to the levels of sub-groups to permit comparisons of accident rates for specific areas 
of interest. Tests of significance for these data were performed with the Chi-square (X^) and 
with other appropriate statistics where they were indicated. 
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In demonstration of the representativeness of the sample, indices were selected which 
referred to general demographic characteristics as well as entities specific to this particular 
investigation. Accordingly, age, sex, occupation, bike ownership by type, riding experience, - 
accident experience and exposure (both by mileage and subjective estimation) were accumu- 
lated and recorded in an appropriate manner. 




RESULTS AND DISCUSSION 



Interpretation of data may be implemented and reinforced when some knowledge of 
the representativeness of llic sample has been acquired. Similarly, factors which arc known 
to influence almost all data sets must be identified and '^controlled." The total number of 
subjects assembled for the study, for which wc have qualitative or quantitative data, are 
termed All Subjects (AS) (Figure 1 , page 9 and page 10). Certain characteristics were 
recorded for all individuals regardless of their means of entry into the study and without 
consideration of their final disposition. The All Subjects (AS) group serves as a useful 
standard for comparison against which to compare the MSP group for representativeness. 



Age 

The first of the factors to be so examined was age (Graph 1 ). The distribiuions for the 
Main Study Participants (the MSP group comprises original and non-original subjects who 
are participants) who supplied acceptable data to the study are compared with the AS 
Group by two-year age intervals. Inspection reveals that the age 7-!2 year range is over- 
represented in the MSP group (however, the two distributions arc similar in shape), which 
tends to provide us with more data of the type in which we have interest. When the two 
distributions were compared statistically, the difference was found to be sicnificant: 
X^=-31.84,p <0.005 (Appendix 2, page 104). 

OveralK the age distribution reflects the age groups that more readily respond to the 
inducements offered by the study and, fortunately, provides good members for age groups 
that produce critical data. From these viewpoints, the MSP group appears to have the 
qualifications to generate acceptable data. As a means of characterizing the group we did 
not "capture,'' tlie age variable is displayed (Graph 2) for Main Study Non-participants (the 
MSN-P group comprises original and non-original subjects who are not participants) in age 
ranges similar to the graph for the AS and MSP groups. Direct comparison becomes notice- 
able in the 9-10 age interval and continues through 15-16 years. For the 9-12 year interval 
the MSN-P proportions are lower than for similar AS and MSP values, while for the 13-16 
year interval, the MSN-P group has greater representation. 

As for the observed differences, multiple factors probably infiuence the deviatic- 
would seem likely'^ln this instance that the 9-12 year group represents the age \/herc 
maximum numbers of individuals desire, and have the qualifications, to become involved in 
an undertaking of this nature. Under this age they are too young; over this age competition 
arising from factors of maturation sharply deplete the numbers willing to participate. 

Graph No. 3 illustrates mean ages for AS and permits comparison with sub-groups of 
that population. Average age for the entire study group (for whom age is available) stands at 
10.26 years, while for Main Study Participants Without Accidents (MSPWA) and Main 
Study Participants with Accidents (MSPAC) the average age is less. The remarkable feature 
in this comparison is the pronounced difference in mean age between the MSPAC and the 
AS. Obviously, it is the younger child who has the accident, as there is approximately a 
five-month mean difference between the two groups in age. 

Continuing, the next column to the left. Hospital Accedent Cases (HAG) show a 
further decrease in Average Age (8,7 yrs). This finding documents the increased danger to 
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the youngest and most inexperienced group of riders. A highly vulnerable individual may be 
produced by the combination of riding inexperience, ignorance of motor vehicle traffic 
patterns, and unawareness of a maneuver that is potentially accident-provoking. 

Police Accident Cases (PAC) average out to 1 1.23 years of age and stand out in direct 
contrast to the Hospital Accident Cases. That is, this accident group is characterized by 
older riders. The increased age and riding experience suggest that the police accident case 
may occur farther from home where the parents are not available to administer to the 
situation. MSN-P average age is 10.71 years. This places these individuals on the next step 
past the AS and just below the PAC. They were not motivated to join the otudy, and they 
occupy a niche midway between the AS and PAC in mean years. Assuming this particular 
placement is not artifactual in nature, this may be a meaningful point of bifurcation in the 
chronological development of adolescent youth. Just what direction these diverse groups 
proceed to and what immediate goals they attain is beyond the scope of this investigation, 
but it might provide stimulating interpretational material were it known. 

Of the seven principal groups the oldest mean age is found in the All Subjects No Bike 
(ASNB) category, 12.03 years. With 32 subjects it is one of the smaller groups and may 
represent former bike owners who have gone on to other pursuits. Perhaps some of them 
have their licenses and drive cars or motor bikes, while others may never have owned 
bicycles or at an early age branched off into other activity areas. These presumptions are 
drawn in part from the statistics of the distribution. Specifically, the mean, median and 
mode are 12.031,1 1.833 and 15.0 years respectively. The range is 7.0-18.0 years and the 
standard deviation 3.053 years, with ten subjects being 15 years old and older. 

Graph No. 4, which displays curves for Main Study Participant Accident Cases 
(MSPAC) and Hospital and Police Accident Cases (HPAC), clearly identifies the location of 
the discrepancy in ages, as more broadly inferred from Graph No. 3. Age ranges 5-6 and 7-8 
arc heavily over-represented in the HPAC, while for age intervals 9- 10 and 11-12 the HPAC 
are similarly under-represented, with the remaining intervals being considered equivalent. 
Examination of this graph reveals how differences in interpretation can result from exami- 
nation of fragmentary data. HPAC data would suggest that accidents rise very sharply and 
peak at 7-8 years, declining steadily thereafter. When the MSPAC curve is considered, the 
ascent is more gradual and peaks at 9-10 years. The descent is similar in character and the 
two distributions overall are alike, with the exception of the modal interval: A difference of 
two years separates the two arrays. 

Taken together, the accident experience snay be said to rise sharply from ages 5-6 to 
7-8, then to plateau for the next two years and then to decline. Clearly the age range from 5 
to 14 years demands the most attention. This finding agrees with nationally published 
accident figures (Accident Facts, 1970, p. 61). Examination of subsequently presented data 
may provide more insight referable to the high risk groups within this age range. 



Male • Female Distribution 

Proportion of the sample by sex (Graph No. 5) suggests that males differ somewhat 
from females in willingness to accept an invitation to participate in an organized activity of 
this nature. Proportions of males in the MSP group are approximately 3.4% greater than for 
the AS. While this difference is not desirable, adequate numbers of each sex (Males 311, 
Females 212) for the MSP may tend to minimize misrepresentations that might arise from 
an excessively large differential in Male-Female proportions. 
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It is notable that the MSN-P has a diffrr'^nt ratio of essentially 1:1. This is explained 
in part by the over-response of the males to the study to a degree that nearly equalized the 
two sex groups in size. Accident cases (Graph No. 6) grouped separately as Main Study 
Participants with Accidents (MSP AC) and Hospital i^nd Police Accident Cases (HPAC) have 
a distribution that is readily identifiable. In this an-ay the divergence for proportion of males 
vs. proportion of females is greater than for the previous distributions (Graph No. 4). 

Of the Main Study Accident Cases (MSAC) the males show a 31% preponderance 
(65.6% vs, 34.4%) over the females, while in Hospital and Police Accident Cases a difference 
of some 37% (68.5% vs. 3 1.5%) is seen. Speculation as to the cause of this large majority of 
males centers principally on the class of accidents experienced by each sex. Boys, accumu- 
lating more mileage per unit of time (Table 1, page 26) will experience higher accident 
frequency (number of. accidents per subject or group) and may be predisposed to wander 
farther from home. Accidents occurring out of the subjects' immediate neighborhood may 
be more likely to attract police attention than those happening near home where a parent 
can attend to the situation. Boys, then, will appear to be over-represented when exposure is 
ignored and be more likely to appear on police records. Also, it may well be that males tend 
to experience accidents of greater severity levels, prompting witnesses to summon qualified 
assistance without further delay. 



Accumulated Mileage 

Reference to Table I, page 26, supports opinions derived in a somewhat more in- 
formal manner. Highrise bicycles appear to travel farther than standard types for a given 
unit of time. This amounts to 57.0 miles farther in a six-month period or about 9.5 miles 
per month. By bicycle type the light\yeight logs the greatest average miles traveled in the 
six-month period by some five miles over the highrise. 

When this is examined in detail, it is noted that the 5-9 and 15-19 age groups record 
very large average mileages. While the numbers of subjects in these cells are small (3 and 5 
respectively), they should not be discounted. The three individuals in the 5-9 year cell may 
represent some special use of the bicycles, which made the lightweight the logical choice at 
this rather young age. In the 15-19 year cell the high mileages may suggest regular or long 
distance use of the bicycles (as to school) or special events such as bike hikes or summer 
vacation trips. 

Overall conclusions from the mileage table, by main effects, lend support to previous 
implications that males ride more than females, lightweights log the most miles (they may 
form a special use group), followed by highrise and then standard. Worthy of special note is 
the age effect by bicycle type. In the highrise there is negative association, which is to say 
that as age increases mileage decreases. Lightweight bicycle mileage patterns form two 
peaks, one at each end of the curve^^vj^hile the standard shows a regular increase in a positive 
manner (viz. as age increases, mileage also increases). During the six-month period the 
average distance traveled by all MSP was estimated at 199.9 miles. 



Physical Characteristics of Bicycle Owners 

Table 1 A records the mean height, weight and age of the various sub-groups by sex 
and bicycle type. It is apparent that the male and fema'e highrise owners were the youngest 
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Table 1 



Estimated Average Miles Traveled In Six Month Period 
By Bicycle Type, Age and Sex For Main Study ParticipauLs 





Highrise 


N 


Ltw 


N 


Std 


N 


Total 


N 


Male 


251.2 


129 


272.8 


41 


235.0 


60 


250.8 


230 


Female 


150.9 


62 


104.9 


16 


115.4 


89 


127.6 


167 


5-9 


227.2 


95. 


335.3 


3+ 


154.7 


74 


197.9 


172 


10-14 


212.6 


94 


206.4 


49 


171.0 


71 


197.4 


214 


15-19 


93.5 


2 


349.0 


5 


193.4 


4 


246.0 


11 


Total 


220.6 


191 


225.7 


57 


163.6 


149 


199.9 


397" 

t 

I 



+A11 male 
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Table lA 

Mean Height, Weight and Age By 
Bicycle Type and Sex For Main Study .Participants 





Males 


Females 


Bicycle Type 


Height 
(Inches) 


Weight 
(Pounds) 


Age 
(Years) 


Height 
(Inches) 


Weight 
(Pounds) 


~ Age 
(Years) 


Highrise 


55.4 


78.1 


9.8 


54.4 


70.9 


9.3 


Lightweight 


60.9 


101.0 


12.2 


60.6 


95.7 


11.6 


Standard 


55.4 


80.6 


10.0 


54.7 


74.2 


9.4 


Mean For All 
Bicycle Types 


56.4 


82.8 


10.3 


55.1 


74.7 


9.6 


Overall Mean 
For All Bicycle 
Types and Sex 


55.9 


79.6 


10.0 . 
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and ligJilcst in weight within their respective groups, below average in heiglu but about 
equivalent to standard owners in that measurement. For both scx^ lightweight owners were 
older, taller and heavier. One comparison may be noted that lends some degree of confi- 
dence to the reliability of the biological measurements recorded for the study. For the 
lightweight owners (the oldest, tallest group), the females arc only three tenths of an inch 
below the moan male height (60.9'' vs. 60,6''), even though the female mean age is about 
seven months less. This is consistent with known growth and development patterns, illustra- 
ting the increased fate of female growth during the early teen periods. Examination, then, 
by age, height and weight produces no unexpected or contradictory findings regarding 
demographic characteristics for owners of the three types of vehicles. 



Occupation Class 

For this study, parent's occupation class was represented by a simple division 
separating those employed into vyhite and blue collar workers (Adopted from U. S. Bureau 
of Ceasus, I960, Classified Index of Occupation and Industries). Graph No. 7 compares 
white and blue collar workers for AS and MSP. Most noticeable is the fourfold prepon- 
derance of white collar workers in the AS group. This ratio is somewhat greater in the MSP 
group but is not statistically significant (Z=.947, N=43l, p=O.I7, Appendix 2, p. 104). A 
reduced level of participation for any organized activity has been a recognized characteristic 
of groups with less education, lower income and depressed standards of living (this did not 
appear, however, to change the accident experience for the two groups; Graph No. 7A 
shows white collar and blue collar to be similar). With this in mind, certain adjustments 
were effected before the cyclometers were mounted on the subjects' bicycles. First, the 
larger schools (which tended to be in the blue collar areas) were all retained in the study, 
while medium and small schools were randomly selected as outlined in the Study Design and 
Objectives chapter. This adjustment would tend to insure that subjects in the blue collar 
areas would receive full opportunity to be invited to participate. Nine of the twelve original 
sites considered for cyclometer mounting were eventually retained. More than one-third of 
the nine sites were in the southern, low rent housing area of the city (see Map Appendix I, 
p. 78). They were situated in a manner which was intended to reduce to a minimum the 
need for auto transportation and the distance the youngsters would have to travel on public 
streets to reach the site. 



Bicycle Type 

Ownership by type of bicycle is shown in Graph No, 8 for AS and MSP. There is a 
slightly higher proportion of highrise bicycles in the participant group than is shown for AS, 
but overall the proportions are not significantly different (X2 = 5.9, .05<p<.IO, 
Appendix 2, p. 104). 

Type of bicycle by class of participation for age and sex of owner is shown in graphs 
No. 9, 10, and 1 1. Graph No. 9 for MSP delineates the negative association between highrise 
bicycles and age. In the 5-9 year category, 57.0% of all bicycles are higlirise, in the 10-14 
year category the percentage is 44.8, while for owners 15-19 years old it is 25.0%. In the 
same graph the lightweight shows a positive association with age, going from 1.7% to 23.0% 
and reaching 41.7% in the highest age category. The standard displays its own curve, and in 
some respects it is similar to the highrise; in the first two age intervals a decline is noted and 
then the curve levels out. 
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In Graph No. 10, the proportions for the males are similar to MSP with greater 
proportional representation for the highrise and somewhat greater ownership for the light- 
weight. The standard bicycle is apparently less attractive to males, as the percentages for this 
type are lower in every age interval, compared to the MSP group. The females. Graph No. 
1 1, reverse the trend. They own more standard bicycles in the 5-9 and 10-14 year groups 
and demonstrate equal ownership between standard and lightweight types in ihe 15-19 
group, but this is based on inadequate numbers. As a type, highrise predominates, followed 
by standard and lightweight in that order. Males own more highrise and lightweights and 
females more standard and highrise, by order of preference. 

Percentage of ownership by bicycle type for Main Study Participant Accident Cases 
(MSP AC) and Hospital and Police Accident Cases (HP AC) is displayed in Graph No. 12 
p. 35. To assist in the interpretation of this graph, let us assume that accident occurrence 
for a given bicycle, type may be expected to have proportions similar to that of bicycle 
ownership in the population of which they fomi a sub-group. Comparisons, then, will be 
made between MSPAC vs. MSP and HPAC vs. AS. When the two curves are so compared, it 
would appear that the lightweight is over-represented in the MSPAC data and the highrise 
over-represented in the HPAC group (the differences, however, for the HPAC data were not 
found to be significant, x2=3.5, .50< p< .70).- For these data, then, the differences in 
accident occurrence do not appear to be substantially different. 



Mean Ages of Accident Groups 

Table No. 2, p. 36 permits several comparisons which may be of some consequence in 
the development of safety programs. In every instance, matched by bicycle type and acci- 
dent group, the mean age for the females is noticeably less than for the males. This suggests 
that females may develop willingness to attempt advanced motor skill application before the 
males, placing them in jeopardy at a younger chronological age." 

Mean ages for accident groups are well differentiated, both by sex of subject and type 
of bike. Males in Table No. 2 display deviations in mean ages ranging from 9.1 years for 
MAC and 1 0.0 years for MSPAC to 1 1 .7 years for PAC. For females the corresponding mean 
ages are 7.9, 9.4, and 6.0 years. Age distributions for males and females were tested for 
HPAC and MSPAC (Table 2, p. 36). For the HPAC the distributions were found to differ 
significantly (X2=9.74, 2df, p<0.01). For MSPAC data the effect was not significant (X2 = 
1.58, 2df, p>0.30). Graph No. 13 illustrates the age-sex accident relationship for MSPAC 
and HPAC. Essentially, the females, are exposed to the greatest risk in the 5-9 interval and 
the males arc the high risk group in the 10-14 age band. The graph suggests that in the 1 5-19 
interval, sex diminishes as a factor and the curves tend to converge at that point. In 
substance, it would appear from these data that males and females demand individualized 
indoctrination in order to properly and safely acquire bicycle riding skills. Females would 
seem to require more intensive instruction earlier than males, who, while starting at a later 
chronological age appear to continue the need for instruction over a longer period of time, 
and to a more adv«. ced age. 



34 



CO 

cd 

S CO 

(U 

•a 

(d o 
a. < 

•rl 

u ^ 
cd o 



00 

^2 ^ 



IIIIUUIIIIIJIIIlll 



•H 

•r-i CO 



lit II ^lllllllllllllllllllllllll 



M 
»^ 

CO 

Pi ►J 

O M 

o w 

< Oi 
W 



mil 



JIIIIIIUlll 



^iiiiiiiiiiiiiiiiiiiiiiiigii 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 



CO 



CO 
•H 
0) 



CO 



CO 



S i 3 3 ? 



35 



Table 2 



Mean Age of All Main Study Bicycle Owners Who 
Experienced Accidents, By Bicycle Type and Sex 





Males 




Females 




r\uuxaenu 
Group 


Bike Type 




Bike Type 




Mean 


High- 
rise 


Light- 
weight 


Stan- 
dard 


Mean 


High- 
rise 


Light- 
weight 


Stan- 
dard 


Mean 


for 
both 


Main Study 
Participant 
Accident Cases 


9.2 


12.6 


9.5 


LO.O 


9.3 


11.0 


9.1 


9.4 


9.8 


Hospital 
Accident Cases 


9.0 


8.0 


9.4 


9.1 


8.0 


6.0 


8.0 


7.9 


8.7 


Police 
Accident Cases 


10.3 


13.8 


10.8 


11.7 


6.0+ 


* 


* 


6.0 


11.2 


Mean 


9.1 


12.1 


9.6 


9.7 


8.5 


9.0 


8.4 


8.5 




Mean 
for both sexes 


8.9 


11.5 


9.1 






Dveral 
mea 


1 

n=9.3 



*=No observations 

+=One observation in this cell 
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Riding Experience 

Previous bicycle riding experience for All Subjects (AS) and Main Study Participants 
(MSP) in Graph No. 14 agrees well with the age distributions as displayed in Graph No. I. 
Over-representation of MSP in the 1-2 and 3-4 year experience groups would be expected 
with the similar over-representation observed in Graph No. I from the 7-12 age range in 
MSP. Obviously, the less-than-l-year-experfence group is too young (both by our study 
criteria and age) to have been selected as an original subject, and the greater-than-four- 
years-experience group very likely found the study lacked sufficient challenge or reward. 

Upon comparing the Main Study Participant Accident Cases (MSPAC) and Hospital 
and Police Accident Cases (HPAC) in Graph No. 15, it is noticeable that as experience 
increases the proportions within the two groups approach parity. There is distinct disagree- 
ment with the less-than-l-year interval, somewhat less disagreement for each of the succeed- 
ing two intervals and practically no disagreement for the last interval. As riding experience 
increases, accident rates expressed as proportions within the two study groups tend to be 
the same. Riding experience, then, in association with age, apparently combines to produce 
similar probabilities of accident occurrence within the two (MSPAC and HPAC) accident 
groups. If we employ the percentages in each riding experience interval for the AS group in 
Graph No. 14 as a standard, and compare them with similar values (for MSPAC + HPAC = 
MSAC) in Graph No. 15, we have essentially "observed and expected" values of accident 
experience by riding experience. 

Extracting the values from Graphs No. 14 and No. 1 5 provides percentages recorded 
in this manner: 



Riding Experience (yrs.) 


1 


1-2 


3-4 


> 4 


("Expected") AS 


8.4 


16.9 


28.7 


46.1 


("Observed") MSAC 


11.7 


21.4 


23.8 


43.2 


Absolute change 


+3.3 


+4.5 


-4.9 


-2.9 


(from expected) 










Proportional change 


+39.3 


+21.9 


-17.1 


-6.3 



(from expected) 



In this comparison there are two groups obviously at highest risk. The less-than-1 -year- 
riding-experience group shows an observed aaident experience of 1 1.7% which is 39.3% 
greater than expected, while the accident experience for the 1-2 year experience group is 
21.9% greater (the other two more experienced groups show observed values that are less by 
17.1% and 6.3% respectively). From the observations just noted, one might well surmise 
that the groups that require most attention are those in the interval from zero to two years 
of riding experience. Concentration on the two lowest experience intervals (combining 
the< I and 1-2 intervals and testing -against the 3-4 and >4 interval provides a = 4.88, 
.02< p<. 05, Appendix 2, p. 105) would appearto be the first choice in terms of order of 
emphasis. The logical advantage of asigning top priority to the lowest experience (and 
youngest) groups can be counted in several dimensions. First, establishment of acceptable 
riding practices can be assumed to reduce accident^ within the lowest experience intervals 
and provide a large overall proportional reduction in accidents. Of equal consequence would 
be the presumed reduction iri HPAC proportions within each experience group and attri- 
butable reductions in levels of severe injury. A potential advantage, which may accrue, 
would be fewer accidents among riders with greater experience. Attention to intervals other 
than the two lowest would center on the greater-than-4-years of riding experience. In this 
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interval there may be gained the largest overall reduction in accident experience, both as a 
proportion (within an experience inter/al) and frequency as compared to all intervals. At 
this time it would appear that re-education of the bicyclist "might be indicated withca^vs. 
bike situations reviewed most closely. A similar approach might well be developed for tho.se 
in the 3-4 year experience group as ^Insurance'' against the potential hazard of progressing 
to the next interval of higher risk experience. 



E stimates of Exposure-Riding Time 

To this stage in the study, bicycle ownership and accidents have been observed in 
terms of differences by bicycle type, sex, age and experience for the various sub-groups in 
the study. The plan also provides for examination of accident experience through two 
measures of exposure. One was an estimation of riding time, houn^ per day and days per 
week, as reported by the subject. This data establishes a link with other bicycle studies, 
which recorded similar estimates, and also provides for a test of the association between 
estimated hours of exposure and mileage as recorded on an odometer. 

Tables No. 3 and No. 4 record estimated exposure in hours for the All Subjects (AS) 
and Main Study Participants (MSP) groups respectively. The tables specific for age and 
bicycle type show that in all but two of 18 comparisons (for both groups) males report 
greater riding time. In each group the highrise estimates ire higher than for the standard and 
lightweight types. An interesting disparity between the two groups is seen in theXRcolumn. 
For All Subjects (Table No. 3) there is a negative association with age while in the MSP 
group (Table No. 4) the association is positive. Conclusions drawn from this table must be 
restricted, but highrise bicycles seem to accumulate the most riding time, with males riding 
more than females. Age as a factor of use is less evident; it might suggest that the older 
riders who accumulate more time elected to join the study, which provided the MSP group 
(Table No. 4) with the positive gradient in the Sx column. 

In Table No. 4 the lower 25c value for the 5-9 year group would appear to be attri- 
butable principally to reduced mean riding times recorded for highrise riders of both sexes. 



Estimated Mileage 

Incorporated into the design of the study was a method "for objectively estimating 
mileage accumulated by the study sample. 

Bicycle cyclometers (mechanical mileage counters) attached to front wheels of the 
MSP group provided the means for an objective estimate of mileage exposure. Two-hundred 
and thirty (230) boys and one-hundred and sixty-seven (167) girls contributed acceptable 
data towards the calculation of average mileage traveled (Table I, p. 26) by bicycle type and 
accident experience, accumulating an estimated total of more than 79,000 miles of bicycle 
riding over the full course of the study. (For each subject who submitted a minimum of two 
monthly mileage reports, an average monthly mileage figure was calculated and multiplied 
by the number of reporting periods (six). This total was then summed for all of the subjects 
who qualified in this manner and the result was an estimated 79,360.3 total miles traveled 
by the 397 subjects over the six-month period.) It was determined, using a six-month base 
for calculations, that average yearly mileage for males was 313.5 miles/year and 159.5 
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milcs/ycar for females, (Appendix 2, p. IOI);accident experience relevant to those values is 
also given in the same reference. Interaction of sex, bicycle type, exposure and age are 
recorded in Tables No. 5 and No. 6. Accident rates were calculated using only the reponed 
mileages as recorded by the respondents on the monthly mileage reports. This total of 
60,109.1 reported miles obviously produces a higher accident rate than would the estimated 
six month total mileage of 79,360.3 miles. 

Reading Table No. 5, in the row titled "Total", it is evident that all three bicycle 
types have similar accident rates and indeed they are not significantly different. When the 
highrise rate (1. 41 16) was tested vs. the standard rate (1.8051) the result was a 2=1.0637 
and a p>O.I357. When male rates were compared by bike type with female accident" 
experience, none of the sex differences (tested by totals) were statistically significant 
Z=.855. p>.l8). However, in two of three comparisons, females tended toward higher 
accident rates. By age groups, the contrasts are less interpretable. Whereas the previous rates 
all had adequate cell frequencies, the increased number of cells decimated some sample .sizes 
to unacceptable numbers. However, the behavior of the array is more or less consistent with 
the total row. 

While rates serve the purpose of ascribin^j a mathematical measure of occurrence to a 
given class of events, they seldom answer the question of relative frequency or quantity in 
everyday terms. To provide a more comprehensible statement utilizing accident frequency 
and average miles traveled per year, let us examine the male values for these variables. It was 
determined that males traveled 313.5 miles per year and expcrienc?d accidents at a rate of 
1 .49 per 1 ,000 miles. These figures would suggest one to two accidents, of all severity levels, 
per three-year period. Extrapolating further, if 8% of all accidents require medical treatment 
(Appendix 2, p. 101) then a male bicyclist, on the average, could expect to accumulate more 
than 25 years of riding for each accident that requires medical attention. A female bicyclist, 
on the average, would expect to ride about twice that period of time for each medically 
treated accident experience. 

Table No. 6 shows rates by sex for specific age irUervals. Interpretation of this array is 
again restricted to those cells with adequate frecjuencies (taken to be 10). Accordingly, 
this eliminates the 15-19 year group for both sexes and all lightweight values except for the 
10-14 year intervals for both sexes. In Table No. 6 there arc 6 comparisons by bicycle type 
(discounting cells with an n< 10). In five of the six male age groups (Table No. 6), highrise 
rates tend toward lower values (within acceptable compjuisons). For females, the highrise is 
lower in the 5-9 year group and intennediate in the 10-14 year group. Accident rates by 
bicycle type and sex calculated for data developed from this study were not found to be 
substantially different. 

Accident rates may be accorded another dimension through examination of accident 
severity and other associated characteristics. Graphs No. 16 and No. 17 record iiyury 
severity by bicycle type, collected into injury categories: none, mild, moderate and severe. 
Graph No. 16 shows accident severity levels for all accident cases (Main Study Participant 
Accident Cases and Hospital and Police Accident Cases) by bicycle type. Injury distributions 
associated with highrise and standard bicycles appear to be substantially alike, but the 
lightweight distribution has a marked preponderance of mild injuries and somewhat more 
severe injuries than the other types. Graph No. 17, Accident Severity for Main Study 
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Accident Cases (MSAC), presents a somewhat more jagged curve due in part to fewer 
observed cases (238 vs. 87 for Graphs No. 16 and No. 17 respectively). In this array, the 
highrise now resembles the lightweight proportions with some variations. Proportions of 
mild mjunes are roughly equivalent, but the highrise has a larger proportion of no-injury 
accidents and a smaller proportion of moderate injuries (it will be noted there are no severe 
mjunes m the Main Study Participant Accident data set). When highrise is contrasted with 
standard, the larger proportion of no-injury accidents in the standard model is readily 
apparant; this is somewhat mitigated by the larger rate of moderate injury Taken all 
together, there is very little to indicate that an advantage exists for any bicycle type 
although the lightweight does seem to have the least favorable rates. 

Visual examination of the three styles of bicycles could conceivably cause the observ- 
er to postulate differences in the anatomical location of Injury incurred by style of bicycle 
Graph No. 18 displays the distribution of injuries as reported for all accident cases by four 
;m of the body. Each bicycle type is represented by a column within a given anatomical 
area. By anatomical section, the trunk seems to be least affected by accidents, then in 
succession come the head, arm, and leg, and in order of increasing frequency of injury 
Quite unexpectedly, there is no discernable variation that discriminates one bicycle type 
from the others by this gross classification scheme. There is remarkable uniformity within 
the arrays by injurv site. 

A principal contribution of this display is the frequency with which each body part 
sustains injury, seemingly an obsen-ation of practical value for designers of safety-oriented 
bicycles. From this graph it is apparent the extremities should receive first consideration, 
with the head singled out for special attention commensurate with sequelae common to this 
injury site. 

If the inference of parity of accident rates for bicycle types is accepted, when cor- 
rected for exposure, other variables may be examined for evidence of group identification 
Three variables-bicycle age, bicycle condition and passenger carrying practices-were ana- 
lyzed as a function of class participation, grouped as Main Study Participants and Main 
Study Participants With Accidents. Rationale for selection of these data is obvious. It can be 
argued that bicycle age and condition are related, in some degree, to accident frequency 
since these conditions are associated with operating performance. Tables No 7 8 and 9 
refer to this question. In Table No. 7 bicycle age, when arranged by intervals for the two 
groups in question, show proportions that are apparently quite similar. When tested, a X2 of 
3. 1 26 resulted for 3 df and a probability of .30<p<.50, a non-significant finding. 

When bike condition and passengers carried were tested, the results followed the 
pattern established by bike age. The null hypothesis could not be rejected, and in the case of 
the latter two tests the frequencies being contrasted were almost identical. Here it might be 
well to review a methodological point. Data on bicycle age condition and passenger-carrying 
practices were recorded eariy in May, before any other data were collected. The assign- 
ment to groups thereby should be essentially unbiased. Thus, within the limits of the study 
and conditions prevailing, there seemed to be no difference for bicycle age or condition 
when tested by accident experience. 

Graphs No. 19-19A-19B (Type of Accident) display the proportions that each acci- 
dent category contributes to all accidents. The results are graphed for all accident cases 
(MSAC) by bicycle type. Falls, the greatest contributor, account for over two-thirds of all 
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Graph 16 



SEVERITY OF ACCIDENTS 
BY BICYCLE TYPE 
ALL ACCIDENT CASES 
(MS AC) 
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Table 7 

Comparison of Main Study Participants with Main 
Study Participants Who Have Had Accidents 
by Bicycle A^e 



Bicycle .Age 


Main Study 
Participants 


Main Study 
Participants 
(Accidents) 


Total 


<1 


111 


15 


126 


1-4.9 


316 


59 


375 


5-9.9 


62 


12 


74 


10 + 


10 


4 


14 


Total 


499 


90 


589 



2 „ 
X3 =.169 + .938 + .009 + .05 + .008 + .043 .+.292 + 1.617- 3.126 .30< p <.50 
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Table 8 

Comparison of Main Study Participants with Main 
Study Participants Who Have Had Accidents 
by Bicycle Condition 



Bicycle Condition 
-f 


Main Study 
Participants 


Main Study 
Participants 
(Accidents) 


Total 


Excellent 
New in appearance and 
operation 

^ 


101 


19 


120 


Very Good 
Same as Excellent but 
shoved some wear 

u 


155 


31 


186 


Good 

Well cared for bike may 
be several years - Needs 
no obvious replacements 


186 


31 


217 


Fair 

All systems funct. but 
worn with some replace- 
ments indicated 


48 


7 


55 


Poor 

Needs immediate atten- 
tion - Not operating 
properly 


5 


1 


6 


Total 


495 


89 


584 



= .005 + .028 + .045 + .248 + .023 + .130 + .041 + .228 + .002 + .009 
" .759 .90 < p < .95 
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Table 9 



Comparison of Main Study Participants With 
Main Study Participants Who Have Had Accidents 
by Passenger Carrying Status 



Carry Passengers 


Main Study 
Participants 


Main Study 
Participants 
(Accidents) 


Total 


Never 


388 


70 


458 


Seldom 


99 


18 


117 


Often 


7 


i 


8 


Total 


494 


89 


583 



2 

X = .000 + .000 + .000 + .001 + .007 + .040 
= .048 .95 < p < .98 
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recorded accidents for each of the bicycle types. The other categories are relatively undiffer- 
entiated. Interpretations from this graph might best be limited to the observation that falls 
constitute the preponderance of accidents and that it is common to all bicycle types. 
Frequencies for the accident categories were tested by chi-square (Table No. 10, p. 56), and 
the result(X^=8.l5,.50< p< .70) was not significant. This suggests that for these data 
there was no difference for category of accident related to bicycle type. 

Equipment Failure 

Equipment failure was recorded through accidents reported on the monthly report 
form (Appendix I, p. 87).. A standard procedure was followed according to a "Procedure 
For Telephone Interviews" form (Appendix 1, p. 76). Information was elicited in a manner 
which was presumed to permit the witness to develop the account without undue inrtuence 
by the interrogator. Perusal of the form wUI reveal that the intent of the interview is to 
record a plain statement of fact in the witnesses' own terms and interpretation. 

Table No. I OA, p. 57, lists kinds of mechanical failure by bicycle type. There are eight 
classes of failure, which were explained in the following manner: Forty percent (12 obser- 
vations) of the failures were said to be wheel problems; in three of these cases passengers 
were being carried, while in one instance it was reported that the bicycle had been tampered 
with by unspecified individuals (retrospective recollection of accident situations, perhaps 
obscured by emotional and/or physical trauma, are not usually characterized by fluent 
replies that would increase one's confidence in the reliability of the report). Brake failures 
accounted for 20% of the reported failures, with half of the total of six being listed under 
the highrise type; lightweight had two failures and standard, one. This particular category 
may be prejudiced against the highrise and lightweight styles, as they are racre likely to have 
hand brakes with exterior linkage components. In four instances (13.3%) the chain failed. 
Information described tile failures as three disengagements from the sprocket and one 
breakage. Handlebars were cited in three instances, (10%) being in single cases loose, dis- 
engaged from attachment and misaligned. Two seats fell off, and pedals, gearshift and tires 
failed in one instanci" each. 

Obviously, the categories requiring most attention are wheels, brakes, chains and 
handlebars in that order. It is notable that in each of the items of equipment mentioned 
there is some visible element of external vulnerability and adjustment. Wheels have spokes 
to be bent or broken, and also must be adjusted with some competence on the part of the 
mechanic. Hand brakes are patently complex with components demanding small tolerances 
for proper operation, with linkage being somewhat exposed to damage. Chains are especially 
critical of tension adjustment and require skill and some strength to anchor properiy. 
Handlebars, by design, absorb high energy forces in pedalling, turning and perhaps impact 
upon falling or collision. 

Handlebars and handlebar stems should be of highest quality stress-tested material of 
appropriate design, size, length and configuration, with rider safety as the first con- 
sideration. Conspicuous by their absence are failures of frame and cranks, hangars and sprock- 
ets. These items accept the highest stress of all and, of necessity, must be fabricated of the 
most resistant, durable and resilient material available, far exceeding any force or combi- 
nation of forces a person might apply under any set of circumstances. In full recognition of 
the consequence, failures to these vital components should be so rare as to be virtually 
unknown. 



55 



Table 10 



CATEGORY OF ACCIDENT 
BY BICYCLE TYPE FOR 
MS AC, 



Category of Accident 


Highrise 


Light- 
weight 


Standard 


Total 


Bicycle Struck Car 


2'' 

2.97^* 

. 97 


1 

.69 
.31 


3 

2.34 
. 66 


6 


Car Struck Bicycle 


4 

6-. 93 


■ 3 
1.61 

X « J? 


7 

5.45 

1 ''A 


r 

14 


Bicycle Struck Bicycle 


9 

7.93 

1 07 


3 

1.83 

■ 1 17 


A 

6.25 




16 


Bicycle Struck Fixed 
Object 


4 

4.45 


0 

1.03 
1.03 


5 

3.51 
1,49 


9 


Fall 


81 

77.78 
3.22 


17 

18.00 
1.00 


59 

61.22 
2.22 


157 


Other 


8 

7.93 
.07 


1 

1.83 
.83 


7 

6.25 
.75 


16 


Total 


108 


25 


85 


218 



1. = Number of observations within cell. 

2. = Expected number, determined by column K row/N=218. 

3. = Absolute difference between observed and expected values. 

= .317 + 1.239 + .144 + .046 + a34 + .001 + .139 + 1.200 + .748 
10 + 1.03 + .056 + .376 + .186 + .434 + .875 + .633 + .081 + .090 
= 7.82^ ,50 < p < .70^ Not Significant 
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Table lOA 



Frequency of Equipment Failure By 
Type of Bicycle and Accident Category* (MS AC) 



Failure Categ^ ry 


Highrise 


Lightweight 


Standard 


Total 


Brake Failure 
Brakes 
Brake Cable 


Ig Ih Ip 


If 
1 


1 


6 


Wheel 
Came Off 
Locked 
Loose 

Wobbled (Loss of. 

stability) 


1 
1 


1*1* 


1 le 1 
111 


12 


Chain Came Off 


1 ip 




1 Id 


" 4 


Handi'^hars 
Loose 
Fell Off 
Misaligned 






1 

1* 


3 


Pedal Broke 






1 


1 


Seat Fell Off 


lb la 






2 


Gearshift Failure 




la 




1 


Tires 
Blowout 






1 


1 



a Owner had just '"adjusted" bicycle 

b New bicycle 

c Passenger on handlebars 

d Chain failure 

e Bicycle had been tampered with 

f On fast downhill curve 

g Rear axle also **gave way** 

h Rear brake failed, front worked 

p Passenger carried 

* All accidents were falls except where noted 
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Ambient Conditions 



Graphs 20-25 refer to the extrinsic characteristics of all recorded accidents with regard 
to ambient conditions and chronologic sequence. 

Character of location makes evident the preponderance of the neighborhood type 
accident within the study group. Almost 88% of all recorded accidents occurred in residen- 
tial areas (Graph No. 20) during daylight hours (Graph No. 2 1 ) and in clear weather (Graph 
No. 22). If the event takes place in the street, 67% of the time the bicycle is traveling with 
the traffic flow (Graph Nc. 23). Accidents by day of week (Graph No. 24) provide little 
discrimination in terms of increased likelihood of accidents. Logically, Saturday would 
appear to provide much more exposure than the week days and yet the .accidents do not 
appear to increase proportionally, Sunday, with presumably all day in which one may ride, 
is lower in accident frequency than three of the week days. Accidents then are not strictly a 
function of opportunity. When the Chi square test for frequency of occurrence was applied 
to accidents by day or week, it was found to be non-significant (.50 < p<.70), suggesting 
that all seven days must be considered to have similar risk potential. 

Perhaps the most unmistakable factor relative to accident potential is hour of the day 
(Graph No, 25). The afternoon has a greater proportion of accidents observed, beginning at 
3 p.m. and continuing through 8 p.m. The four-hour period, 3 p.m. to 7 p,m., includes 
64.0% of all reported accidents. If we were able to examine the data by age, we might 
possibly detect a bimodal distribution (a curve with two peaks) underlying the unimodal 
distribution displayed, suggesting differing periods of accident potential by age interval (viz., 
younger vs. older). 

Frequency by month (Graph No. 26) implicates two months, May and June, as those 
found to be most productive of accidents: Since the decline from June is at first precipitous 
then quite gradual, the rest of the year may be considered as undifferentiated insofar as 
accident risk is concerned. Although our dala do not include November through March, we 
will assume accident frequencies for these months to be lower than for May and June. 

To further elucidate the exposure-accident relationship, average mileages were calcu- 
lated for the months May through October. These monthly averages were collected into 
Table No. U by the three principal sub-group> according to class of participation. 

One may now compare average monthly mileages by class of participation with the 
accident frequency (Graph No. 26) by month (with the Exception of April which has no 
mileage data). From Table No. II the All ^Participants (Main Study Participants) mileage 
averages show May to be the higliest \yith June through September roughly equivalent and a 
drop for October. This does not agree with the All Accident Cases curve (MSAC) displayed 
in Graph No. 26. Participants With Accidents (MSPAC) provide a distinct contrast to the 
previously examined groups by showing virtually no change for the first two months with 
averages that are visibly higher, compared to the other two classes, over the full range of 
values. Participants With Accidents display a small drop in July nnd then an increase in 
August which is maintained in September. October has the lowest average, as it does for the 
other two classes. It is evident that the accident group (MSPAC) is a harder-riding breed of 
subjects, as they average eight miles per month more than Main Study Participants and 
almost ten miles more than Main Study Participants Without Accidents. 
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Table 11 



Average Miles Traveled Each Month By Accident Experience 

(MSPAC) 





All Partic;. 


N 


Partic. Without 
Accidents 


N 


Partic. With 
Accidents 


N 


May 


37.6 


468 


36.3 


377 


■■ 43.2 


91 


June 


33.6 


447 


31.3 


362 


43.0 


85 


July 


33.0 


397 


31.3 


318 


39.5 


79 


Aug. 


32.8 


380 


30.4 


304 


42.2 


76 


Sept. 


31.9 


368 


29.4 


292 


^1.6 


76 


Oct. 


26.9 


366 


25.0 

- 


289 


34.1 


77 


Average 

Miles 

Traveled 


32.88 


30.91 


40.70 
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When accident experience for Hospital and Police Accident Cases (HPAC) is con- 
trasted with those accruing to Main Study Participants witH Accidents (MSPAC) (Graph No. 
26), the distinctive features of the two curves can be compared. Since the numerical size of 
the hospital and police combination is larger than that of the Main Study Participants, it 
would tend to dampen the curve of the smaller group and suppress its salient characteristics. 
As it is, the peak recorded in September for the Main Study Group (MSPAC) suggests 
increased accidents coinciding with the reopening of schools. Riding conditions in Septem- 
ber would tend to be altered through imposition of a strict daily routine' likely placing the 
rider in heavier motor traffic than he experienced during the summer months. Once more 
there is the implication that exposure, as it is considered in this report, founded solely on 
mileage, is not a satisfactory explanation. Exposure may also be considered to possess 
qualitative components, relative to the individual, which vitally affect vulnerability to the 
development of accident situations. 
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SUMMARY AND CONCLUSIONS 



A population study of youthful bicycle riders, and the events accruing to operation of 
their equipment, was initiated in Raleigh, North Carolina, in May of 1970. The questions 
posed to the researcher (viz., accident rates and characteristics of use by population sub- 
groups) operationally defined the procedures to be employed in the research design. It was 
necessary to generate exposure data (mileage) on a selected sample of the target population. 
Among other variables collected were type of bicycle owned and riding experience over the 
course of the six-month data collection period. Preliminary to the main study, a pilot phase 
on a sub-sample of the population was conducted to test tactical and executory systems 
(i.e., sample selection, mail contact and initial response rate) and to supply information 
essential to estimation of bicycle ownership rates. 

The sample of bicycle riders for the main study was drawn from selected elementary 
and junior high schools (from second through ninth grades inclusive) in a manner designed 
to produce an approximately equal probability of selection for each student in the Raleigh 
City School system. This process enumerated 2,369 students who were sent questionnaires 
(495 of the questionnaires (21%) were completed and returned) and an invitation to partici- 
pate in the data collection phase. The questionnaire (Appendix 1, p. 81), the basic element 
of data collection, provided the researchers with demographic (e.g., biographical and socio- 
economic) data, information related to bicycle ownership and mechanical features of the 
vehicles owned. 

The design of the study provided for an estimate of exposure through use of cyclo- 
meters (bicycle mileage meters), which were attached to the front wheel of the subject's 
bicycle. Five hundred twenty-three of the devices were affixed with almost 400 of the 
subjects eventually reporting acceptable mileage data. Subjects were also asked to estimate 
riding time in terms of hours per day and days per week. This measure was found to 
demonstrate poor statistical association with mileage and was excluded from further calcu- 
lation. Accumulated mileages and accidents were reported by means of a monthly report 
form (Appendix 1, p. 87), a stamped self-addressed fill-in instrument which was mailed at 
regular intervals to all participants. 

Accidents were categorized by anatomical location-a stick figure was included for this 
pnipose-(See Monthly Report Form, Appendix 1, p. 87), degree of injury by type of 
treatment, and by*lype of injury. For each accident recorded in this manner, a standardized 
telephone interview (Appendix 1, p. 76) was initiated to gather additional information. To 
obtain another kind of accident experience, Raleigh hospitals participated by agreeing to 
provide information on all bicycle accidents treated in their emergency rooms. To make the 
accident representation more neariy complete, the Raleigh Police Department supplied the 
study with data from accidents they processed in their official capacity. 

The study groups thus formed consist of: 

1. Main Study Participants, (MSP), N=523; 

a. Main Study Participants with Accidents, (MSP AC), N=93; 

b. Main Study Participants without Accidents, (MSPWA), N=430; 



2. 



Hospital Accident Cases, (HAC), N=l 1 7; 




3. 



Police Accident Cases, (PAC), N=I4; 



4. Hospital and Police Accident Cases, (HPAC), N= 1 3 1 ; 

5. Main Study Accident Cases, (MSAC) = (MSPAC) + (HAC) + (PAC), 
N=224; 

6. Main Study Non-Participants, (MSN-P), N=499; 

7. No bicycle, ( ASNB), N=5 1 ; 

8. All Subjects, (AS) = (MSP) + (HAC) + (PAC) + (MSN-P) + (ASNB), 
N=l,204. 

Findings suggested that for MSP the age range 7-12 years was somewhat over- 
represented (compared to the AS Group), which tended to provide more data in the area of 
greatest concern. It was found that accident subjects were younger than those who did not 
sustain accidents, with highrise and standard owners demonstrating lower mean ages than 
lightweight owners (8.9, 9. 1 , and 1 1 .5 years respectively). Females were younger than males 
in all study groups, a finding which held when controlled for bicycle type. Hospital Acci- 
dent Cases (8.7 yrs.) were the youngest of the accidertt groups with Main Study Participants 
With Accidents (8.9 yrs.) and Police Accident Cases (1 1.2 yrs.) showing substantially greater 
mean ages. 

These data suggest that the younger chOd will sustain the most serious accidents, as 
evidenced by the average age (8.7 yrs.) of the hospital accident suljjects. The older (1 1.2 
yrs.) youngster is more likely to become invohred in a police-reported situation, with those 
intermediate in age experiencing the bulk of the accidents that are less serious in nature and 
need omy to be treated at home, if any attention is necessary. 

It was found that the less-than-one-year- and the one-to-twoyear-experience groups 
sustain accidents at greater than expected values by a statistically significant maiigin. It was 
proposed that bicycle riding instructions might well be organized by experience of the rider 
as well as male/female specific riding instruction. Younger riders possibly could benefit from 
basic instruction of riding mechanics and from warnings to stay on the sidewalks. Older 
riders (greater-than-4-years^xperiencc group) might benefit from instruction that includes 
problems experienced by the automobfle operator, and from motor vehicle statutes, which 
provide for regulation of traffic patterns. This would tend to eliminate some of the guessing 
on the part of the bicyclist when he becomes part of a trafilc pattern. 

M outnumbered females in the study (3 1 1 and 212 respecthrely for MSP), and the 
boys preiei red highrise, lightweight, and standard bicycles by decreasing order of prefer- 
ence. Females, lagging somewhat behind males in the switch to highrise bicycles^ preferred 
standard, highrise, and lightweight by decreasing order of preference. ForaU Subjects (AS) 
the preference (same order as above) was highrise, standard aitd lightweight 

The average male in the study (MSP) was 10.3 years old, 56.4 inches tall and 
weighed 82.8 poiind^ The average female was 9.6 years old, 55.1 inches tall and 74.7 
pounds in weight. By bicycle type (lable 1 A, p. 27) hjghrise and standard owners were 
neariy equivalent in agp, height, and weight, while the lightweight owner was older, taller 
and heavier. 
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Bicycle condition was evaluated by age and a six point scale developed from assess- 
ment of structural and mechanical features at time of induction into the study. These 
factors were found to be statistically non-significant. This suggests that for the data col- 
lected in this study, bicycle age and condition (and also whether passengers were carried) 
produced no differences between subjects who had accidents and those who did not. 

Equipment failure, reported through accidents recorded on the monthly report form, 
listed eight classes of failure. Thirty failures in all were recorded with the four classes of 
greatest failure being: wheels, brakes, chains, and handlebars listed in descending order of 
frequency. It was noted that each of the iiems of equipment have some element of external 
vulnerability and adjustment. It is considered that reduction of the more vulnerable and 
difficult-to-adjust components of the bicycle would be a very logical means of improving 
mechanical reliability of the mechanism. As a class mechanical failures are relatively infre- 
quent, but they demonstrate visible weaknesses which, presumably, are remediable with 
application of adequate engineering ingenuity. 

Exposure was measured by two methods in this study. Respondents were asked how 
much they usually rode their bicycles in terms of hours per day and days per week. Mileage 
was estimated by use of a mechanical mileage counter (cyclometer) which was attached to 
the front wheel of the participating subjects bicycles (MSP). When the two measures were 
compared statistically, the agreement was found to be poor and the respondents estimate 
was excluded from further calculations. 

Exposure, as estimated by mileage, was carefully interpreted from monthly report 
forms and organized by main study effects. Males traveled almost twice as far per year as 
females (an estimated 313.5 miles vs. 159.5 miles respectively). By bicycle type, light- 
weights accumulated the most mileage, followed closely by highrise with standard bicycles 
recording the lowest mileage Hgurc (Table 1 , p. 26). 

Accident rates (estimated for 1,000 miles of exposure) were developed by bicycle 
type, age, and sex for all MSPAC. Rates of accident occurrence for the three types of 
bicycles (estimated from more than 60,000 miles reported) were not found to be statisti- 
cally significant. Highrise bicycles demonstrated the lowest rate followed by lightweight and 
standard types, It might be well to remark that rates describe accidents for a given amount 
of use. If gross numbers of accidents are counted, highrise bicycles would record the greatest 
amount. This would be due to the larger number of highrise bicycles in use and the greater 
mileages they accumulate. When these accidents are corrected for exposure, the differences 
suggested L»y examination of gross numbers alone tend to disappear with equivalence of 
rates being the rule, 

Males generally show lower accident rates than females when compared by bicycle 
type (Table No. 5). Only for the standard bicycle does the female experience fewer acci- 
dents per 1,000 miles of use. By age the younger rider (5-9 years) is most frequently 
involved in accidents followed by the 10-14 group. None of these comparisons were found 
to be statistically significant. 

In view of the age effect, the factor of disaccomodation might be given some atten- 
tion. Other studies (V^ilardo and Anderson, 1969, and the Ontario Dept. of Transportation, 
1970) cited the factor of mismatched riders and bicycles. These studies suggest that if the 
first bicycle is too large for the youngster, elevated accident experience may ensue. 
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It was found that accidents happen most in dayliglit hours (from 3 p.m. to 7 p.m.), in 
clear weather, in a neighborhood situation. There seemed to be no clear dominance of any 
day of the week. May and June appear for these data to be the most productive nionths for 
accidents. 

Riders should jave more effective instruction prior to operating a bicycle unattended. 
Females, it would appear, require advanced (or perhaps more detailed) instruction earlier 
than males. Males, it would seem, require more intensive instruction in the 10-1^4 year 
interval with traffic situations reviewed most closely. It was suggested that instruction on 
motor vehicle regulations might assist the bicyclist in coordinating his movement with the 
flow of motor vehicle traffic. 

Another approach was introduced through examination of riding experience and acci- 
dent occurrence. It was found that the less-than-one-year and the onc-to-two-year ex- 
perience groups sustain accidents at greater than expected values by a statistically significant 
margin. Examination of these data suggest the most dangerous period is from zero to two 
years of experience. The 3-4 year experience group is the "Safest" while the greater than 4 
year experience group shows intermediafc accident involvement. Bicycle safety program 
planners might well apply this finding in the definition of groups for instructional purposes. 
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APPENDIX I 



Covering Letter to Parents 
Telephone lnter\iew 
Study Situation Map, Raleigh, N. C. 
Bicycle Ownership Questionnaire 
Bicycle Description Report Form 
Monthly Mileage Report Form 
Cyclometer Adjustment Letters 
Subject Data Report Form 
Medical Form 
Accident Report Form 



THE UNIVERSITY OF NORTH CAROLINA 
HIGHWAY SAFETY RESEARCH CENTER 

CHATEL HILL 27514 



Dear Parents: 

The University of North Carolina Highway Safety Research Center is conduct- 
ing a study of the way bicycles are used in the Raleigh area* National statistics 
show that bicycle accidents and injuries are increasing yearly. We hope the 
information gathered on how bicycles are used will help suggest ways to prevent 
bicycle accidents, particularly among children. Our only means of collecting 
this information is through the cooperation of interested Raleigh citizens. 

To provide some of the necessary facts , we have developed a bicycle owner- 
ship and usage questionnaire. We hope that you will fill out the enclosed' 
questionnaire and return it in the self-addressed, postage-paid envelope as 
soon as possible. If there are no bicycles in your household, please fill out 
the first question of Part I (your name, address and occupation) and return 
it to provide important general information. 

Later we would like any or all of your children (under 18), who are willing, 
to participate in the second phase of this study. Participation would only take 
a short amount of time and require your children to cooperate in the following ways: 

1) Meet one time at a specified place near your home (such as the school 
playground) on a weekend of after school, to have a cycrchneter (mileage 
meter) installed free on each child's bicycle. 

2) Once a month after the cyclometer is installed, each child will receive 
a self -addressed, postage-paid form (the monthly mileage raport). On 
this form he will simply write in the mileage showing on his cyclometer 
and then mail the form to the Safety Center. For every month thet the 
mileage report form is returned, each child will receive a quarter 
(unless you object to your children receiving this money). 

Please be assured any information you give us will be considered confidential 
and will be used only for the purpose of this study. Once again, we urge you to 
fill out and return the enclosed questionnaire as soon as possible — even if there 
are no bicycles in the household and your children cannot participate xn the 
second phase of mileage reporting. We are looking forward to your cooperation 
in helping to provide this much needed information. 

Sincerely, 




B. J. Campbell, Ph. D. 
Director, Highway Safety Research Center 



Tun UnivrrsIIY on North Carolina comprise*: The University of North Carolina at Chapel Hill; 
The Utttiersity of North Carolina at Charlotte; The University of North Carolina at Greensboro; 
North Carolina State University at Raleigh 



PROCBDURB m tEUmOMB mmvKwi 



1. M».«».«y ^ - — ^ fff ttn t|^|n»r trfitr tmiicli CiaiM of ilu 
Unimiity of Nofth CmoMm. 

2. BricHy explain the puipow oflhe call (Le^ nnetliiiv like the following wiU be 
sumcient: "The Safety Center i* cjmnXfy conducting a itudy of bicycle nfety in the 
Raleigh aiea. We an inteatigiUng Mcyde locidiato to pnviie infonnation wUck nuy 
hdp to reduce the nurtber of aurh accMenH hi the future.**) 

3. If the chad i» one of our landoaly aajecH* M i lj icti, pfpceai aa foMoara; Qf not. A» 
to step S)''Aa you know, your chid ( >haal»enae«dh«reportotouaforaevenl 
months now. In hi«/her (name of rath) itfort. he/Aa hidieated that h«/*a had an 
accident I trust that he/ihe is OK now. For the pwpoaas of our study, we need a little 
more infonnation about the a cc id e n t . Let Me aame you that any atfonnation you 
give wiU be held in strict confidence and uaad only for the puipoae of pfaitaf aa nwch 
information as pooibfe about the nature of Mcyde accidents so that bicydiag can be 
made safer. I would appreciate it if you could iel Me all you know about the accident 
or let me talk tn (n^nii^^x ifh»fA» ^ (^Ky^^F. ifcWMia 

young or not avaiU>le. it wNild be betlar to tak to parents.) 

4. At this point the person wtt pwb t*|y begin taMng <»out the accident Soree people 
WiU give enough infoimation so that you wtt need to ask only a few additional 
questions and others wM require you^to a* ahnoat amy question on the fom. 
(NOTE: In asking the questions. beanretOMkhisHciiawaythatyoudDnot 
influence the subfect*s aaawcr.) 

5. For reports we have received fioM hoapitals fiocead M foBowa: **Accoidh« to the 
records from the hoMital SMniary 1011^ r****"**** (AMClIMIC)^ ^ t ffr h tnt 

on (date of accident! " | — r -nilif Brr tn harn inmn artdiliniial infiaMaliiin 

about the accident This infomation will be used to give US an accurate pietureof the 

j bicyde population in Raleigh, and enable us to sunest ways to make bi^deoonstniO' 
tion and bicycle ridiqi safer. Any infonnation wOl be kq>t strictly cqofidentiaL QwU 
you tell me all you know ibout the accident or let me talk to (chihi's mm) if he 
knows more about the accident?** (Coreplete form as sultiect talks asUi« pacific 
questions where they fail to supply needed information.) 

HINTS AND SPECIFIC INSTRUCTIONS: 



Be polite and courteous. 



Do not ^ve the impressiM tiut you are in a hurry to complete the mterview. Adc 
open ended questions that do not give an mdlcatiin of a specific answer. For example, do 
not ask, "Was the weather clear that dayT iMlead ask "What was the weather?** There are 
three questions which do not appear on the form wUch MUST BE ANSWERED: 

1. "Is there aiy particular part of the desim inrt constniction of the bicycle which 
may have (a) mflicted the uiuiy. (b) hiciaared the severity of the h»iiy or (c) 
increased the likelihood of the ocGunenoe of the aoadent?" If so pleare note. 

2. "Where is the bicycle stored (quertion 64)r 

l=outside 
2=carport (garsge) 



3. "Does the bike have any type of auxiliary reflectorization, i.e., reflectorized 
paint, strips, etc.? If so, where is it located?!* 

65=front 
66=reai 
67=Ieft side 

68=rightside for 65-68 l=yes 0=no 

blank 

For details of accident briefly summarize in 2 or 3 sentences what happened, how it 
occurred, and why it occurred. Fill in the diagram appropriately; for example, T intersec- 
tioa. driveway, etc. Note any unusual circumstances, i.e-, physical characteristics of location 
(hill, curve). Could child have been trying to avoid something? Was he riding alone or in a 
group of friends? Could he have been distracted by them or was he cardess? ....or any others 
you can think of (unusual stress?). 

In question 46, find out if child was treated at home or by a physician. In case of a 
fatility or serious injury, do not call before checking with one of us here at the Center. 

Remember, for accident reports we receive from hospitals fill out the Subject Data 
Report in addition to the Accident Report Form which is filled out for all subjects. 

If subject does not know^specific. answer to a question, try to get his best estimate. 
Use 9's for any missing information. ^ 

In occup tion of parents we arc not interested in where he works, but in only one of 
the nine categories (professional, clerical, etc.). 
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NOTICE TO PARENTS AND GUARDIANS 



If more than one questionnaire form is receive*! please complete only one. 
Only one. questionnaire form is required per househould. 

Tliere arc five i:opies of Part 11 in each questionnairg^lorm. Please 
complete one copy of Part II for each bicycle in the household and 
discard the remainder. . 

Please enclose in the return envelope: 

1 ) One Part I 

2) One copy of Part II for each bicycle 
Thank you for your cooperatron. 
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Highway Safety Research Center 
Bicycle Ownership Questionnaire 



Part I. 



(To he filled out by head of household). 
1. Name 



first 



last 



Address 



Number and Street 



Occupation 



' Telephone number 



2. Are there any bicycle riders living in the household? Yes 11 No (1 
If yes please fill out the following question for each rider. 



Zip Code 



3. - Name of Rider 
(first and last) 



Sex Age 

1 M ^ 

1 F ^ 

I M 

IF 

I M 

1 F 

] M 

1 F 

] M 

1 F 



School and Grade 
(if applicable) 



Does he have 
his own bike? 



11 yes 
(1 no 
(1 yes 
11 no 
{) yes 
(1 no 
11 yes 
11 no 
11 yes 
U no 



4. About how many bicycle accidents occur' j during the year of 1969 in which the rider v as injured *nd/or 
the bicycle damaged (for all bicycle p uers in the household combined)? 



(] None (1 1 (1 2 (J 3 (1 4 (1 5 or more 



/ 



5. About how many of the above )ccidents required medicci treatment by a nurse or doctor? 
(1 None 0 1 (1 2 [1 3 M 4 [1 5 or more 



6. My children are v^filling and have my permission n- partipipate in the second phase of this study. 




signature of p^-ent or guardian 



r 



Part I!. 



We would like to have more detailed information on each of the bicycles in the household. Please compi 
for each bicycle and its owner as listed under Question 3, Part I. 



etP tJ-'s section 



1. Namo of owner 



first 



2. Muka of bicycJe {on ihe label above tht> front fork} 



last 



3. Wheel size (printed on the side of the tire) <check one). 

(1 less than 20 in. (] 20 in. (1 24 in. (1 26 in. (] 27 in. (j don't know 



r 



4. Type of bicycle (Gifcle the bicycle most like that being describe) 
2 . , Hlghrise 




or 






5. Type of handlebars 
Highrise 



V 



Lightweight 



or 



Si Jndard 



or 



Standard 





6. How long has the owner been riding a bicycle (check one). 

0 l-ss than a year (] 1-2 years () 2-/! years () more than 4 years 

7. Age of the bicycle (check one) 

(1 less than a year old [] 1-4 years (1 5~9years (1 more than 9 years 



Pacer 
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B. Condition of the bicycle (check one) 

I J Excellent (J Very Good (J Good () Fair (1 Poor 

9. About how many days a week is the bicycle used? 

10. About how many hours each day? . 

11. What is the bicycle used for (check as many as apply)? 

I) Pleasure (1 A means of transportation (J Exercise/Conditioning 

1?. How often does the bicycle owner carry a passenger (check one)? 
(1 Never (J Seldom (1 Often (J Always 

13. Type of Equipment (check one box for each item). 



None 


Good 


Broken 




(1 


f] 


. IJ 


Rear view mirror 


(1 


li 


(J 


front light 


[| 


n 


(i ■ 


tail light ^ 


[| 


n 


[| 


Reflectors 


11 


(1 


IJ • 


Ref lectorized strips 


(1 


n 


i] 


Basket(s) 


n 


(1 


n 


Horn or Bell 


{) 


(1 


(I 


Gear shift 


11 


(1 


n 


Hand brake(s) 


[1 


11 


n 


Foot brake 


(] 


n 


n 


Training wheels 


[1 


u 




Blocks on pedals ' 


0 


(1 


(I 


Other: Describe 



Highway Safety Research Center 
Bicycle Study 
Bicycle Description Report 

Part II. 

Please fill out this Report when the cyclometer is installed on the subjects bicycle. 

1. Name of owner 

first 



last 



la. Height- 



Weight . 



2. Make of bicycle (on the label above the front fork) 



3. Wheel size (printed on the side of the tire) (check one). 

' [1 less than 20 in. U 20 in. (1 24 in. |1 26 in. [) 27 in. [1 don't know 

4. Type of bicycle (Circle the drawing of the bicycle most like that being describe) 




High rise 



or 




Lightweight 




or 




Standard 




or 




5. Type ofhandlebars (circle one) 
Highrise 



V 



Standard 



Racer 



6. How long has the owner been riding a bicycle (check one). 

[ I less than a year [ ) 1-2 years [ 1 3-4 years [ 1 more than 4 years 

7. Age of the bicycle (check one) 

(1 less than a year old [] 1-4 years [I 5-9years I) more than 9 years 
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continued on other side 



8, Condition of the bicycle (check one) 

(1 Excellent (1 Very Good (] Good [1 Fair (] Poor 

9. About how many days a week is the bicycle used? 



10. About how nnany hours each day? 

11, What is the bicycle used for (check as many as apply)? 

[] Pleasure (] A means of transportation (] Exercise/Conditioning 

12- How often does the bicycle owner carry a passenger (check one)? 
(] Neyer (] Seldom (] Often (] Always 

13. Type of Equipment (check one box for each item). 



None 


Good 


Broken 




[1 


II 


11 


Rear view mirror 


II 


n 


11 


1 Front light 


II 


II 


i] 


- Tail light 


11 


(1 


i] 


Reflectors 


11 


II 


II 


Reflectorized strips 


II 


(I 


11 


Basket(s) 


i] 


(1 


11 


Horn or bell 


II 


II 




Gear shift^ 


11 


II 




' Hand brake(s) 


n 


II 


[) 


Foot brake 


II 


II 


(] 


Trainir^g wheels 


II 


II 


0 


Blocks on pedals 


II 


II 


[] 


Other; Describe 



\ 

t 

5 
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\ 



Date: 



Highway Safety Research Center 
Bicycle Study 
Monthly Milage Report 



This is your monthly report form with your quarter enclosed in the small envelope. Please write in the mileage now 
showing on the cyclometer and the other information requested. After filling in the form, follow the directions below to 
make the form into its own stamped self-addressed envelope. 

1) 
2) 
3) 



Thank you for your continued cooperation. 



4) 



5) 



Fold the top section down 
Fold the bottom section over the top 
Look to make sure the Highway Safety 
Research Center's address is on the outside 
of the envelope you have just made 
Seat the envelope by moistening the 
glue at the bottom 
Mail it as soon as possible 



SECTION t 



How many miles are there on the cyclometer now? 



Is the cyclometer still working? i ] yes [ ] no. If no, about when did it stop w/^ 




(Write in all the numbers as they 
appear on the cyclometer.) 

king? 



Month 



Day 



Year 



Have you had an accident on a bicycle in the past month? [ ] yes [ )no. 
If yes, please fill out section II below. If no, you are fmished. 



SECTION I i 



Date of the accident: . 



Month 



ERLC 



Day 



Year 



Day of the week: 
Degree of injury: 



Type of injury: 
(check as many 
as apply) 



Area of body injured: 
(check as many ^ 
as apply) 



-Hour of the day: 



am 
.pm 



[ ] None 

[ ] Mild (first aid only) 

[ ] Moderate (treated and released) 

[ ] Severe (held'for treatment) 

[ ] Bruises 

[ ] Abrasions 

[ ] Cuts 

[ ] Sprains 

[ ] Broken bones 

[ ] Other 

[ ] Head 

[ ] Armr. and/or hands 

[ ] Elbows 

[ ] Ot^er 
[ ] Legs and/or feet 

[ ] Knees 

[ ] Other 

h\ Body 

f . ( ] Groin 

[ ] Buttocks 
[ ] Other 




Please show the part(s) of the body injured on 
the figfjre above by x-ing (X) in the part(s) injured. 
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INFORMATION FOR THE INSTALLATION OF CYCLOMETERS 



Everyone who participates in the mileage collection phase of the 
study will have a cyclometer (mileage recording meter) installed free 
of charge on their bicycle. These cyclometers will be installed on 
Saturday, May 9 from 9 a.m. to 12 noon by members of the Raleigh 
Optimist Clubs who will be conducting their annual bicycle safety 
inspection program in association with the study. Enclosed are yellow 
identification tags t;o be attached to the handlebars of your 
bicycle before coming to the installation center. This is to identify 
the bicycle and rider as participants in the Highway Safety Research 
Center Bicycle Study and that a cyclometer should be mounted ♦ 

To permit you to chose the safest and most convient installation 
center in relation to your home, the schools being used as installation 
centers are listed below. Please indicate the center your children 
will most likely use by circling that location on each list printed 
below. After circling the chosen location, tear off the bottom list 
and include it with the completed questionnaire in the self-addressed 
envelope enclosed. 



J. Y. Joyner 
A. B. Combs 
E. C. Brooks 
Brentwood 
Francis Lacy 
Crosby-Garfield 
Clarence Poe 
Washington High 
Lions Park 



1221 Brookside Drive 
1600 Lorimer Road 
Northbrook Drive 
Ingram Drive 
Ridge Road 
E. Lenoir Street - 
Peyton Street ^ 
Fayetteville Street 
Watkins and Dennis 



Circle the center your children plan to go to, tear off, -and include 
with completed questionnaire. 



J. Y. Joyner 
A. B. Combs 
E. C. Brooks 
Brentwood 



Frances Lacy 
Crorby-Garfield 
Clarence Poe 
Washington High 



Lions Park 



ERiC 



j 89 



THE UNIVERSITY OF NORTH CAROLINA 
HIGHWAY SAFETY RESEARCH CENTER 

CMAfEL HILL 27^4 

July 3, 1970 



Dear Bicycle Study Member: 

It has cosie to our attention that some cyclometers are not operating 
correctly due to what may be a change In alignment. After several weeks 
of use the position of the Instrument may change enough to: 

1) Prevent firm contact with the driving clip 
which Is mounted on the spoke. 

2) Cause contact with the hub of the cyclometer. 

Either of these two conditions can be corrected with a simple adjustment. 

First, test the adjustment of the axle ccnes (the nuts Inslc . the 
forks) to make sure there Is not excessive play In the axle. Then, 
discard the old plastic washers and use the two metal washers enclosed'^ 
with your quarter (placing one on each side of the nvountlng bracket) 
to reposition the cyclometer so that It Is making proper contact with 
the driving clip. Draw the outside nut up tightly — the metal washers 
will take more pressure than the plastic type and should hold better. 

We feel certain this will solve the existing problem and any that 
are likely to develop. 



Thank you for your help and cooperation, 
and safe Summer. 



We hope you have a happy 



Sincerely, 



EAP:dml 



INSTRUCTIONS: 



Edward A. Pascarella, Ph.D. 
Staff Associate 



Remove the out from the right*haDd side of the bicycle front wheel. STAii wnul (S) 
Place washer (A) oo axle. Mouoc the cyclometer io a vertical positioa 
00 the axle making sure the STAR WHEEL (B) is on the ioside facing 
/the spokes. See illustration. Replace out aod ooly haod^tighteo at 
.tbisjpoiot Looseo saew oo Driving Qip (C) aod fit to a spokf. 

Adjust the positioo of the cyclometer aod the DRIVING CLIP until JJSSr^La^^^^^^ 
it eogages with the uoderside of the STAR WHEEL ( B) as iUustratcd. 
The DRiVING CLIP mu«t first eogage the STAR WHEEL just above 
^the eod of the tooth. 

~^ Securely tighteo the front axle nut. Check to see that the DRIVING 
CLIP and the STAR WHEEL eogage corrcaly as the bicycle whsel is 
turoed. Check aod sec that the DRIVING CUP is firmly secured to 
the spoke. 



WASHU 




oatviNa cLm (o 



FKONT HUB NUT 



DISTANCE INOICATINO WlN&f)W 

■oovorroua metck 

.-fUTVICW OF 
UTAH WHEEL <•) 

SFfNOU Of 
RlVINa CLIF (C) 



'STAR WHEEL 
OaiVING CLIF (C) 
SK>KE 
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Tun UNIvj.RSirV on North CaroI.I.SA ioinprius: The Uninrs/iy of Nom'i CuroL'tu tit LlKipil Uili; 
The Unit i nit y of North Csjrolina at CJjJthtti: The Uiihcrtity of Korth Catulh it ttt Gtectnburo, 
Nortlx CttfoUnd State Umpcrsity at Kala^h 
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Hiflhwtv SaMy 9!Mitre»i C«niir 
Bicydt Study 
Subftct Dfia Riport 



Infonnation from: 

Date of rmr^' 



INFORMATION ABOUT BICYCLIST 



ID Number U7-20), 
Sex (21), 



.Age <22*23) . 



Parents Occupatrr'^ :24) 

Grade (25 26) 

School (27.2a) ..^ 

Height i^q.^a^ 

Weight (31-3 3) 



Jbs. 



How long has the owner been riding a bicycta 
(check one) (34) 

[ ] 1. Ie« than a year { ) a. 1-2 years 
( 1 3. 3-4 years ( ) 4. more than 4 years 



INFORMATION ABOUT THE BICYCLE 

Make of bicycle (on the label above the front fork) (35-37) 

Wheel size (printed on the skie of the tire) (check one) (3a) 

(• 1 1. less than 20 in. ( ) a. 20 in. ( 1 3. 24 in. 
( ) 4. 26 in. [Is. 27 in. ( ] a. don't know 

Type of bicycle 

(39) ( ] 1. Highrlse ( ] 2. Lightweight ( ] 3. Standard 

(40) ( ] 1. Boys ( ] 2. Girls 

• (41) Typeot Handle Bars 
Ml. HIghrisft I ] Standard ( ] 3. Racer 



Typ«! of aquipment (check one box for each item), 
1(1) Good (2) BrokanO) 



(1 


{] 


RMr viiw mirror (42) 


(] 


( 1 


Front tight (43) 


1 1 


(1 


Tailliflht (44) 


(1 


(1 


RtflKtort (4S) 


(1 


f 1 


Rtflwtoriiad strips (4«) 


(] 


( 1 


Batktt(s) (47) 


( 1 


( 1 


Horn orbtit (4a) 


(1 


(] 


GMr #iift (4*) 


(1 


(1 


'Hand t>rakt(s) (so) 


(1 


! 1 


Fbotbraka (si) 


(1 


11 


Training WhM<s (S3) 


(1 


I) 


Blocks on padals (S3) 


(1 


f 1 


Other: Oncribe (S4) 



Age of tha bicycle (check one) (ss) 

( ] 1. las than a year old ( ] a. 1^4 year« 
( 1 3. 5-9 years ( J 4. more than 9 years 

Conditiofi of tha bicycie (check one) (se) 

(] 1. Excellent! ) 2. Vary good (] 3. Good 
t 1 4. Fair ( ) $. Poor 

About how many days a waek is the bicycte used? (S7) 



How mr«r<y hours par day? (sa-sa) « 



What is tha bicycle umd for (chack as many as apply)? 

(60) '{] Pleasure (61) A means of transportation » 
(62) ( ] Exaiciee/Conditioning 

How often does the bicytlle owner carry a pasenger (check one)? (63) 
( ] I. Never ( ] ?. Seldom ( ] 3. Often ( ] 4. Always 



Form(79-aO):01 
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Bkycto SUMfy 
wwimi ruf III 



Datt of report. 
Reporting Aotncy__ 



INFORMATION ABOUT BICYCLIST 



Name- 



AgeL 



.Sex 



AddresL. 



STREET NUMBER AND NAME 



CiTV 

TelephOiie Number. 



STATE 



ZIP 



OATE OF ACCIDENT 



Month. 



.Day. 



.Year- 



Day of week 

[ ] Sunday 
( i Monday 
( ] Tuesday 
( ] Wednesday 



[ i Tnursday 
(1 Friday 
( ] Saturday. 



Hour of day . 

(us* 24 ncur system to n«ar«tl hour) 

INJURY INFORMATION 

Treatment administered: 




Dagrea of injury 
(chack one) 



Type of injury 
(check as many 
as apply) 



Area of body injured: 



( ] None 

( ] Mild (first aid only) 
( i Moderate (treated and 
( ] Severe (hekl fdr traatmen t ) 
[ ) Fatal 

I ] Bruises 
( ) AbraskNis 
( 1 Cuts 
( ] Spreins 
( ) Broken ixmas 
( ) Other 

() Head 

( } Arms and/or hands 

( ] Etbom 

( ] Other 
( ] Lags and/or faet 

( ] Knees 

( ] Other 



[) Body 



[) 
(1 
(1 



Groin 

Buttocks 

Other 



Comments:. 
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fCighw»v Caftty Rtmrch Cmftm 
Bicycto Study 
AocidMit Report Fonn 



Name (i»i6). 



ID Number (17-20)- 



WHEN ACCIDENT HAPPENED: 

Mileage on Cyclometer f^i«^«^} 
Month {9fi^9t) Day (28-29) 



.Yr..{30-3i) 



Day of Week (32) 
[ I 1. Sunday 
[ I 2. Monday 
( I 3. Tuesday 
j I 4. Wednesday 

Hour of Day (33-34) 



( ] s. Thursday 
[ ] 6. Friday 
( ] 7. Saturday 



(use 24 hour system to nearest hour) 

Light Conditions (35). 

[ I 1. Dawn or dusk 

[ ] 2. Daylight 

[ I 3. Darkness 
W(%ather Conditions (36): 

[ ! 1. Clear [ ] 4. Snowing 



I] 2, Cloudy ( I 
[ ] Raining [ ] 
Construction of road (37): 
[ 1 I . Concrete 
[ ) 2. Smooth asphalt 
f I 3. Coarse asphalt 
[ I 4. Gravel 
(Is. Dirt or Sand 
lie. Other: 



5. Fog 

6. Sleet or hail 



LOCALITY OF ACCIDENT: 

Character of Location (33): 

] 1. Business 

) 2. Residential 

) 3. School 

I 4. Open country 

) 5. Indust»ial 

I 6. 0>ner: , 



ERLC 



Location (39) 

) 1. Str<;et intersection 

] 2. Street between intersection 

I 3. Alley 

] 4. Driveway 

] s. Alley or driveway intersection with street 

] 6. Sidewalk 

1 7. Parking lot 

] «. Playground 

1 9. nth»r 



If Accideu occured in the street, was the 
bicyclist riding (40): 
111. Against traffic 
( J 2. With traffic 
( ] 3. Middle of street 



At time of accident, the bicyclist was (4i): 

] 1. Going or coming from errarKJ 

] 2. Going or coming from friends 

] 3. Going or coming from school 

I 4. Playing a game 

1 5. Using bicycle in work 

] 6. Just riding around 

1 7. Other: : , 



Was there a passenger on the bicycle? (42): 

I 1 1. Yes [I 2. No 

If Yes, where was he riding? — . 



DESCRIPTION OF ACCIDENT 
Type of accident (43): 

( ] 1. Bk:ycle hit car 

[ ] 2. Car hit bicycle 

[ I 3. Bk:ycle collided with another bicycle 

( ] 4. Bicycle hit fixed object 

[ 1 5. Fall 

( I 6. Other: 
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HSRC ACCIDENT REPORT FORM (CONTINUED) 



DETAILS OF ACCIDENT 



'v f 



K/ 



/ 



If Yes. 



Was there a defective part on the bicycle? (44): 
j 1. Yes 
1 2. No 
(AS): 

] 1 . Brakes failed 
] 2. Handle bars fell off 
] 3. Wheel fell off 
] 4. Seat fell off 
] 5, Frame broke 

-] 6. Other: 



INJURY TO BICYCLIST ' 

Degree of injury (46): 

1 1. None ' 
] 2. Mild (only fir5t aid required) 
) 3. Moderage (patient treated and released) 
] 4. Severe (patient held for treatment) 
] 5. Fatal 



Area of body injured: 
( 1 Head (47) 

[ ] Arms and/or hands (48) 

If checked, ( 1 Elbow (49) 
[ ] Other (SO) 
[ jLegs and/or feet (Si) 

If checked. ( 1 Knee (sz) 
( ' Other (53) 
( ] Body Trunk (S4) 

If checked. [ 1 Groin (SS) 

[ ] buttocks (56) 

( 1 Other (57) 

TYPE OF INJURY (check more than one if applicable) 
I Bruises (58) . 
I Abrasions (59) 

I Cuts (60) 

] Sprains (6i) 
I Broken bones (62) 

J Other: ^3) — 




Please show the part(s) of the body injured or) 
the figure ?bove by x-ing (X) in the part(s) 
injured. 



Please write any comments you may have on the 
back of this sheet. 



Kofm(79-oD):02 
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APPENDIX II 



Calculation of Estimated Bicycle Owner- 
ship Rates 

Estimation of Yearly Mileage Traveled 

Estimation of Accident Rates from 
Yearly Mileage 

Estimation of Proportions by Degree of 
Injury 

Test for Age Distribution (Main Study) 
Test for Sex Distribution (All Subjects 

Vs. Main Study Participants) 
Test for Occupation Proportions (All 
Subjects Vs. Main Study Partici- 
pants) 

Test for Bicycle Type (All Subjects Vs. 

Main Study Participants) 
Test for Riding Experience by Class of 

Participation (All Subjects Vs. 

Main Study Accident Cases) 
Test for Accident Rates by Type of 

Bicycle (Highrise Vs. Standard) 



APPENDIX II 



Calculation of Estimated Bicycle Ownership Rates 

This inclusion elucidates the development of the proportion of bicycle owners in the 
pilot study population, the extrapolation into Ruleigh and United States populations, and 
the estimate of total mileage/yr. by sex, and occurrence of accidents by severity level for the 
previously mentioned populations. 



Determination of Bicycle Ownership Rate from Pilot Study Data with 
i^rojections into Raleigh and U. S. Populations 



Questionnaires Sent to 
Pilot Study Subjects 


Responses 


Bicycle 
Owners 


Non-Owners 


301 


180 


1 "132(73.3%)* 


48 (26.7%) 



♦Proportion of Bicycle Owners by sex -vlale 56.1%c Female 43.99& 



Children in Grades 2-9 in Raleigh Schools (estimated): 
Public 16484 

Private 750 : 

Total 16,934 X .733 = 12,413 Bicycles owned by children in grades 2-9. Assuming this 
to be 90% of all bicycles in Raleigh, the Total bicycle enumeration becomes: (12,413) 
(1.11 1) = 13,790 Bicycles (Males = 7,736, Females = 6,054) in Raleigh exclusive o. those 
owned by College and University students and others attending schools at the post-second- 
ary school level. 

Estimation of Yearly Mileage Traveled ^ 

From our data on Main Study Participants the average rider, by sex, traveled: Males 
313.5 miles/yr. (From 250.8 mi/6 mo. Study Period arbitrarily taken to represent 80% of 
Total Yearly Mileage); Females 159.5 niiles/yr. (From 127.6 mi/6 mo.) 

Applying these results to the above enumeration values provides an exposure 
value: (7736) (313.5) + (6054) (159.5) = 3,390,849 mi./yr. for Raleigh bicycling popula- 
tion as described earlier. 

Estimation of Accident Rates from Yearly Mileage 

Employing the estimated accident rate of 1.577 accidents per 1,000 mile exposure 
yields: (3390.849) (1.577) = 5347 accidents/yr. for Raleigh bicycling population. This 
number (5,347) includes all accidents, both injury-producing and those producing no injury. 
Injuries are classified by the following breakdown: 

No Injury = No treatment of any nature required 

Mild Injury = First aid only 
Moderate Injury = Treated and Released 
Severe Injurj' = Hospitalized 
Estimation of Proportions by Degree of Injury 

In the main study participant group 95 accidents occurred. Of these accidents, 15 
resulted in no injury, 73 in mild injury, 7 in moderate injury. No severe injuries were 
recorded. From the hospital and police accidents, however, a substantial portion of the 
reported injuries was of the moderate and severe variety. To estimate the proportion of 



101 



lont.H Th'' °f ""r'"^ ^''"'^^ ^'''•^'^""8 population, the following convention was 

vafap iied mP^c'"'" '° 'T^ T'''' '''' "'^^^ (-'-'"ted to be 0 0 

was applied to the MSPAC group, and the following percentages were developed by class of 

No Injury =15.7% 
Mild Injury =76.3% 
Moderate Injury = 7.3% 
-Severe Injury =0.7% 

If we apply each of these percentages to the estimated 5,347 accidents there will 
result the following assignment by frequency: "i-i-iutnis mere will 

^^39 - No injury accidents 
4,081 - Mild injury accidents 
390 - Moderate injury accidents 
37 - Severe injury accidents 
Total 5,347 

in the?o5a? United Stl?^- '^''trapolated to estimate number and types of accidents 
in the total United States bicycling population. This requires accepting the assumption that 
m the proportion of school aged children in Raleigh, bicycle ownership and 3^^^^^ 
«.re observed -and estimated are reasonably typical . of the overall U. S. popul foi This °^ 
would seem is an acceptable proposition, as there are 145 cities in the U. S with popu'l 
.ons between 75 and 150 thousand (1970 Commercial Atlas and Marketing Vu d^^^^^^^^^^^ 
tl e Ra eigh population, by the U.S. census 1 970, was fixed at 1 1 7,000, the total populat on 
01 he 145 cities equals 14,575,500, having a mean population estimated to be 100 521 S 
a standard deviation of 10,720. »v7u,jzi wiin 

If the above factors are applied to the population of the U.. S. ( 1 970 census) taken tn 

IQMQ^ X 5347 = 9,460,077/yr, 
117x103 

Of this number (9,460,077) however, only 8% or 756,806 would be expected to result 
in injuries severe enough to reouire medical (professional) attention. 

In response to a question (an inclusion in the questionnaire) that requested informa- 
tion on accidents experienced in 1969, the research staff was able to record the family 

each of tr'th ^^"P' ' ' ^'^''^ ^PP^"^"'' P- )■ 't may be seen that for 

in o^Q tI e T ^'""P"' ^PP'-°''''""t'='y 80% of the respondents reported no accidents 
in 1 969. Thu.s, If these data are to be interpreted literahy, one of five children experienced 

^'^^90 bicv\-l s int",' °' '''' ^PP'''^^ to the estimated 

1 3,790 bicycles in Raleigh, the resulting value of 2,758 isapproximately half of the estimate 

derived from the application of the exposure-based accident rates of this study. This would 

strongly suggest that approximately half of the accidents that occur during the course of a 

year fail to be recollected when the answer is dependent entirely upon recall over a period 
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Test for Age Distribution 






Main Study. Participants vs. All Subjects 




Expected 


.27 79 112 104 68 


27 7 


Observed 


27 86 140 , 119 45 


10 2 


X2 = 0 + .6203 + 7.0 + 2. 1 635 + 7.7794 + 1 0.7037 i 3.57 1 4 = 3 1 .84 


P<.005 




Test t or Sex of Owner 






All ouDjecis vs. iviain sludy rarticipants 






Z = . 595 -.561 =.034 =1.55. p = .06n6 
(.561K.439) .022 
523 






Test for Occupation Proportions, 






Main Study Participants vs. All Subjects 






■Z = . 826 -.808 =.018 = .947 
(.808) f. 192) .019 
431 

p = .17 


• 




Test for Bicycle Type by Class of Participation 






All Subjects vs. Main study Participants 






High rise Lightweight 


Standard 


Ob.served 


245 69 


186 


fax pec ted 


225 64 


212 




X2 = 1.778 + .391 +3.698 = 5.86, 


.05<p<.10 



<3 
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Test for Riding Experience by Class of Participation 
All Subjects vs. Main Study Accident Cases plus 
Hospital and Police Accident Cases 



Study Group 


2 - . 3-. 


Total 


A C t 

AS' 


296 876 


1172 


MSAC2 & 
HPAC3 


68 ^ 138 


206 


Total 


364 1014 


1378 


'All Subjects 


2Main Study Accident Cases 3HospitaI and Police Accident Cases 
^^ = 4.88 df=I, .02<p<.05 




Tost for Accident Rates by Type of Bicycle, 






Highrise vs. Standard 






Mann-Whitney U Test 




Highrisc 
.9356 


Standard Highrise Highrise- 
1.0367 1.5997 - 1.8510 


Highrise 
1.98 



Standard 
2.25 



Standard- 
■2.40 



Standard 
2.44 



U=13; 



P(U;^I3) = ..10 
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APPENDIX III 



Distribution of Accidents as a Function • 

of Exposure 
A Comparison of Two Measures of 

Exposure 



DISTRIBUTION OF ACCIDENTS AS A FUNCTION OF EXPOSURE 



It seems reasonable that bicycle accidents should occur within a fixed population of 
bicycle riders in a fairly random, manner as a function of their overall exposure (aggregated 
mileage), that the number of accidents occurring in noii-ovcrlapping intervals of exposure 
should be independent, and that the expected number of accidents occurring in a given 
interval of exposure should be proportional to the length of the interval (amount of expos- 
ure). The above consideuticns indicate that a Poisson process might be u reasonable model 
for the number of accidents occurnngas a function of exposure. Thus, if X(d) is the number 
of accidents occurring in d units of exposure (d miles), then to a good approximation the 
probability distribution of X(d) might be given by • 

PlX(d)=K] = e'7a(>d)k 
k! 

To test this hypothesis, the first reported mileages from each participant were col- 
lected into intervals of one thousand miles and the number of accidents occurring in each of 
these imervals wis recorded. This resulted in twenty-two one thousand mile intervals with 
no accidents in three intervals, one accident in nine intervals, two accidents in six intervals, 
three accidents in three intervals, and six accidents in one interval. The following figure 
shows the sample histogram together with the fitted probability function.. An estimate of 
the parameter X (a;;cident rate) is given by the sample mean X= 1.636 A X2 goodness of fit 
test yields the result ^ 

X2(3)= 1.36, p>.90 

Thus, the hypothesis cannot be rejected and the assumption of a Poisson process 
seems (|uite reasonable. 

A COMPARISON OF TWO MEASURES OF EXPOSURE 

For each participant m the study, two Pleasures of exposure were recorded. The first 
(estimaleu hours/week) was obtamed from the respondents* answers to the questions con- 
cerning the nu' iber of days/v/eek and the number of hours/day his bicycle was ridden. The 
second (avg. u]iles/nionth) was obtained from the monthly reported cyclometer readings 
submitted by the subject. While cyclometers were occasionally broken and mileage reports 
sometimes missed, average miles/month was, in general, considered to be a reasonably good 
measure of exposure. It is therefore of interest to make comparisons of the degree of 
agreement between these two measures. It should be noted that two subjects riding in quite 
different situations might ride the same length of time, but the numberof miles each rides 
might be somewhat different. Nonetheless, it would seem that if the subjects were able to 
give good estimates of hours/week ridden, this measure should be highly correlated with 
niiles/nv^afl). 

Comparisons of the two exposure measures were made using contingency table anal- 
ysis and regression anaiysis for all main study participants, participants without accidents, 
and participjjints with accidents. The X2 derived from this test (95.53) is significant, even 
though a substantial contribution is derived from celis with low expected numbers. Thus, 
the hypothesis of no difference between the two measures must be rejected. 

It would seem the general conclusion must be that estimates of exposure based upon 
estimated 3iours/week are of questionable reliability. 
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